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FOREWORD

This doc'mient is one of a 'eries of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.
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1. INTRODUCT ION

This document contains summary configuration data relevant to the
integration of adlitional avionics into the A-10A aircraft.

The applicable Technical Orders are included in the references listed
in Section 10.

This document will be revised periodically as additional modification
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP

Wright-Patterson AFB, Ohio

This document was compiled from Air Force Source Materials by ARINC
Research Corporation under Contract F33657-79-C-0567.
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2. COCKPIT SPACE

2.1 Cockpit Layout

Figures 2-1 through 2-3 show the current cockpit arrangement for the
production version of the A-10A. We expecr at least one more iteration of
the arrangement shown, including incorporation of the ALE-40 Chaff Dispenser
Control Unit. Although a few blank panels are noted, the space available
is extremely limited at the present time.
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i i

1! Head Up Display 3

/1 16 19 20

1. Accelerometer 13. Navigation Mode Select Panel
2. Angle of Attack Indexer 14. Interstage Turbine Temperature Indicator
3. Standby Compass (L & R)
4. Clock 15. Gas Generator Speed Indicator ML & R)
5. Angle of Attack Indicator 16. Engine Oil Pressure Indicator ML & R)
6. Airspeed Indicator 17. Fan Speed Indicator ML & R)
7. Attitude Director Indicator (ADI) 18. Fuel Flow Indicator
8. Vertical Velocity Indicator 19. APU Tachometer
9. Altimeter 20. APU Temperature Indicator

10. Flap Position Indicator 21. Hydraulic Pressure Indicator (Sys L & R)
11. Blank 22. Fuel Quantity Indicator
12. Horizontal Situation Indicator (HSI) 23. Standby Attitude Indicator

Figure 2-1. INSTRUMENT PANEL (TYPICAL)
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1. Deleted
2. Emergency Brake Handle
3. Seat Height Adjustment Switch
4. Fuel System Control Panel

24 5. Manual Canopy Opening Assist Handle
6. Indexer and A/R Status Lights

Dimming Control
S 6 7• 87. Signal Lights Lamp Test Button

8. Fire Detector and Fleed Air Leak Test
Button

9. Stability Augmentation System Panel (SAS)
10 10. Throttle Quadrant

9 11. IFF Control Panel
12. TV Monitor Control Panel
13. VHF,'AM Radio Control Panel

12 14. Emergen,'y Flight Control Panel
13 15. UFH radio Control Panel

16. VHF/IM Radio Control Panel
17. Intercom Control Panel
18. HF/VHF Radio Control Panel

15 19. CIPHONY Panel (Prior to serno 75-00280)
514 Antenna Select Parel (Serno 75-00280 and

subsequent)
16 20. Antenna Select Panel (Prior to serno

75-00280)
17 CIPHONY Panel (Serno 75-00280 and

subsequent)
18 21. Utility Light

19 22. Anti-G Suit Valve Test Button
20 23. Armament Override Switch

24. Modification Placard
25. Piddle Pak Stowage

21 [ 22 26. Piddle Pak Disposal

m26

Figure 2-2. LEFT CONSOLE (TYPICAL)
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A I. Caution Annunicator Panel
2. Canopy Control Switch
"3. Canopy Jettison Handle

6• 4. Boarding Ladder Extension Button

1 7 5. Deleted
8 6. ECM Panel

7. Electrical Power Panel

9 S. Infra-red Panel
, 12 9. ILS Panel

10 i 10. TACAN Control Panel
11. Manual Canopy Opening Assist Handle

15 12. Oxygen Control Panel
13. LORAN Control Panel
14. Environment Control Panel

14 I 15. Canopy Breaker Tool
1 3 16. Canopy Actuator Disengage Lever

17. Safety Pin Stowage

18. HARS Contrul Panel
19. Lighting Control Panel

20. Blank Panel
21. Blank Panel

18 17 22. Flight Data Stowage

I9 23. Emergency Oxygen Handle (Serno 76-0512

__ Uand subsequent and aircraft modified

by T.O. IA-10534)

21

22

Figure 2-3. RIGHT CONSOLE (TYPICAL)
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3. AVIONICS SPACE

Some of the alternatives for providing space in the A-lOA are com.-
piled in the 'orm, Fit, and Environmental (F2 E) Summary (Table 3-1).
Figure 3-1 shows the approximate location of these spaces and is keyed to
this table.

The following basic points should be made relative to the data pre-
sented in the tables:

" A moderate arwunt of space is available in an equipment compart-
ment if the HF radio is not installed. However, the Compass Tie
Prcgram is competing strongly for that space.

"* The A-10 SPO indicates the existence of space in the tail area.
However, overall aircraft weight-distribution considerations are
critical.

"* Moderate space is available if the recording and data conversion
LRUs of the Velocity Gravity Height (VGH) system are removed.

" Plans for 1985 usage of the VGH measurement system need to be
identified. Moderate space is available if the system is removed.
Current plans call for only 20 percent of the aircraft to have the
system installed, though all have the space allocated and 50 per-
cent have Group A wiring.

" A small space becomes available if the IFF system is installed
within the cockpit.

" In the A-10A, normal equipment cooling is not environmentally
controlled outside the cockpit. There are plans to expand the

cooling capacity to acconmmodate the INS, but the limit for heat
dissipation (after INS requirements are satisfied) is about 1,200
watts as currently envisioned.

3/
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* 4. ELECTRICAL POWER SYSTEM

The electrical power system provides 115/200 V, 400 Hz, three-phase
ac and 28 Vdc power to operate the various A-10A aircraft systems. The
overall system is composed of two independent systems (left and right).
Table 4-1 lists the particulars of the ac and dc components of each indepen-
dent system and the emergency power capabilities.

Each independent ac system drives a converter to provide the dc power
for each system. Under normal operation the ac generators each drive their
main ac buses while only one system (usually the left) drives the ac
essential bus.

In the event of complete in-flight loss of normal ac power, or on the
ground with no external power applied to the aircraft, emergency power is
supplied by a system consisting of a battery and inverter. This system
supplies power to the ac and dc essential buses and the battery bus.

Table 4-1. A-10A ELECTRICAL POWER SYSTEM

AC Power DC Power Emergency Power

40 kVA each Maximum of 100-ampere 24 V, 34 ampere-hour
independent 28 Vdc from each indepen- battery with inverter
system dent ac system unit capable of 750 VA

115/200 Vac, 400 Hz,
phase output

/
4-1
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5. NDVIRONMENT CONTRO)L SYSTEM

The Environment Control System includes the cockpit air conditioning
syst-m, avionics compartment environment control, cockpit pressurization
system, and a number ot' other aircraft environment-related systems.

The cockpit air conditioning system operates on bleed air extracted
from the main engines or auxiliary power unit (APU). A maximum airflow
of 21.3 lb./min. is provided on a hot day (125*F) at sea level and V maxi-
mum. This airflow rate is adequate to cool the cockpit to 92*F. The A-10
APU provides sufficient capacity to cool the cockpit to 79*F on a 1250F
day during ground operations. Ram-air ventilation is also available to the
cockpit.

The avionics and equipment compartments use electrically operated
exhaust blowers located in each compartment for cooling during ground
operations; these compartments use ram-air cooling for flight operations.
The ram-air cooling is accomplished without cockpit controls. At present,
both the ground- and air-cooling modes have sufficient capacity to main-
tain equipment ambient temperatures within safe limits.

In addition to the ram-air cooling of the avionics compartments, above
10,000 feet cockpit air is ventilated into the forward right-hand equipment
compartment by the cabin pressure regulator. This vented cockpit air
assists in cooling the electrical and electronic equipments.

Table 5-1 illustrates the maximum ground power dissipation capability
of the avionics compartments. The primary cooling design criterion for
the A-10A was to limit the maximum compartment ambient temperature to 1600F
during all flight conditions and during continuous ground operations. A
total of eight inlets and six identical cooling fans are required for cool-
ing a maximum of 5.8 kW during ground static conditions (hot day, 1250F,

sea level).

Future cooling requirements are not completely defined. Flight test-
ing of a technique to cool the Inertial Navigation System (INS), located
in fuselage compartment 44, should be completpd in late 1979. Current
plans call for cockpit discharge air as the primary cooling medium. How-
ever, if this air was to become too warm, air orifice would open to
extract cooling air directly from the cockpit air conditioning supply
ducts to supply the INS compartment. The orifice would direct cooling air
from the cockpit supply air supply at a 1 lb./min. flow rate.

5-i
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6. CURRENT AVIONICS

Tables 6-1 through 6-19 and 9-1 throrgh 9-4 contain LRU data relating
to the A-10A avionics systems that make r-p the current or near-term con-
figuration. Where no entries are shown, the data were not available for
this report. Antenna locations are depicted in Section 7, Figure 7-1.
Data pertaining to future avionics mod.fications are presented in Section 9.
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Figure 7-1 shows the approximate location of the antennas of the A-10A.

The A-10A antenna nomenclature is as follows:

ireAntenna NomenclatureLegend

1 IAW 58-871502-7
2 UHF/ADF OA-8697/ARD(DMN 15-5)
3 UHF/TACAN DNCN 18-4
4 VHF/FM Homing AS-1922/ARC
5 IFF AT741BA
6 UHF/TACAN DWCN 18-4
"7 LORAN/GPS Antenna Unknown
8 VHF/FM 4375-1/lC(777-1950-001)
9 VHF/AM DM-CS0-1

10 L-Band RHAW 11D28500
11 IFF AT741BA
12 RHAW 53-871502-7
13 X-Band Beacon AS2038/UPN

/
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I

S8S. WNTERFACE DATA

This section contains examples of interface signal characteristicr.

These data were extracted from applicable sections of the Interface Control

Drawings (ICDs) for integration of GPS user equipment in the A-10 aircraft.
Each sheet discussed a particular signal. The top line contains the signal
name, type of signal (digital, analog, discrete or synchronous), signal
source and load, and whether the signal is an input or output of the GPS
user equipment. A functional description follows, together with a descrip-
tion of the signal's characteristics.
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Bearing Synchro 0 UE Pilot's HSI

Functional Description

Provides angular information to the bearing pointer to display relative
bearing of the aircraft's present position to selected wayp•int.

Signal Characteristics

RANGE: 00 to 3690
ACCURACY: + O.S
INDEX REFER-NCE: Aircraft Heading
POSITIVE OIP.ECTIRN SENSE: Increasing Bearing
SCALE FACTOR: 10- 10
RESOLUTION * 0.5

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A). 3-Wire Synchro (seepage 10-3)

SOURCE: (TSO-1)

Interconnection Data

(TBO-1)

AtC: A-IOA
REF: AOU-6/A. MIL-I-83034

- I - - - - !-ICO-GPS-002
M" - 10-2

8-2



.LECTRICAL C1ARACTERISTICS

LOAD 1

HSI (AMU.E1A), 3-4ir Synchro. [P AYSOO-S
or equal

Rotor
Input Voltage 26 Volts
Prequencv 400 Cycles
Resistance (DC) 530 Ohms
Brush Contact Resistance O.S ON"S

Stator

Input Voltage 11.8 Volts
Input-Current 20 me
Input Power 0.090 watts
Resistance (DC) 188 ONs
Rotor Output Voltage 19 Volts
Phase Shift (S to R) is Degrees
Accuracy (Itx) 1s minutes
Null Voltage (Max) so wv
Impedance

Zso 222 + J470 Ohms
Zro 940 + J2260 Ohms
Zrss 1050 * h4S0Crms

A ~ICD-4PS-002I.-' !-e; .... I 1-3

38
8-3



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Bearing Flag Discrete 0 UE Pilot's HSI

Functional Description

Provides a discrete signal to operate the bearing warning flag. The flag is
nomally out of view when the bearing pointer Is operating and the bearing
data is valid. The flag appears when the bearing information is not valid
or the device supplying the bearing data is not operating.

Signal Characteristics

RANGE: 28 Vdc ground applied • out-of-view
28 Vdc ground not applied - in-view

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A). Shutter MechanismMeter movement (28 Vdc)

SOURCE: (TBD-1)

Interconnection Data

(TBD-.2)

A/C: A-IDA
REF: AQU-6/A, MIL-I-83034 -

sw 164 10-4

-87
8-4
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INTERFACE SIGNAL CNARACTERISTICS

SIGNAL NIAE TYPE 1/0 ArOM TO

Distance, Units Synchro 0 UE Pilot's HSI

Functional (Ascription

Providet angular information to rotate the units digit in the range window.
Displays aircraft present position distance to selected waypoint in lnm incre-
ments (O.So indexed). Driven independently of other digits, but read in con-
Junction with than in order to provide the least significant digit.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: + 0.1 (e 3.60)
INDEX REFERNCE: O
POSITIVE DIRECTI09 SENSE: To decreasing values (distance to go)
SCALE FACTOR: 36 u 1 numeral
RESOLUTION: + 3.60

Electrical ^haracteri sti cs

LOAD: 1) Pilot's HSI (AQU-6/A), 3-Wire Synchro, Clifton CRC-8-A-1 or
equal (See page 10-8).

SOURCE: (T1O-1)

Interconnection Data

(TDD-2)

A/C: A-IOA
AEF: AOU-6/A. MIL-I-83034

A ll ICD-GPS-002
8--" 5- .. I o-S

11
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IN TERFACE SIGNAL CIHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Distance, tens Synchro 0 UE Pilot's HSI

Functional Description

Provides angular information to rotate the tens digit In the range window.
Displays aircraft present position distance to selected waypoint in 10rin
Increments. Driven indeoendently of other distance digits but read in con-
junction with them.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: + 0.1 (+3.60)
INDEX REFERNCE: "0
POSITIVE DIRECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 360 - 1 numeral

RESOLUTION: + 3.60

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A). 3-Wire Synchro, Clifton CRC-8-A-l or
equal (see page 10-8)

SOURCE: (TBO-1)

Interconnection Data

(TBD-2)

A/C: A-IOA
REF: AQU-6/A). MIL-1-83034

A ICD-GPS-002

I- jawu' ,,10-6

38-

8-6



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O FROM TO

Distance, hundreds Synchro 0 UE Pilot's HSI

Functional Description

Provides angular information to rotate the hundreds digit in the range
window. Displays aircraft present position distance to the selected vnypoint
In 100=. increments. Driven Independently of the other distance digits, but
read in conjunction with them in order to provide the most significant digit
for the distance value.

Sional Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: + 0.1 (! 3.60)
INDEX REFERINCE: 76
POSITIVE DIRECTIO1 SENSE: To decreasing values (distance to go)
SCALE FACTOR: 36 a 1 numeral
RESOLUTION: + 3.60

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A), 3-Wire Synchro. Clifton CRC-8-A-' or
equal (see Page 10-8)

SOURCE: (T1O-1)

Interconnection Data

(TOO-2)

A/C: A-IOA
REF: AQU-6/A, MIL-1-83034I

sum INV 1 10-7

8-7



ELECTRICAL CHARACTERISTICS

LOAD 1

HSI. AJU-6/A. Distance Display, 3-Wirt
Synchro, Clifton Type CRC-8-A-1 or equal

Primary Winding Rotor
Primary Voltage (400 Hz) 26 Volts
Secondary Voltage 11.8 Volts
Input Current 100 ma
Input Power .54 watts
Accuracy 30 Minutes
Impedance, Zro 54 + J1260 Ohms
Impedance, Zso 12 + J45 Ohms
Rotor DC Resistance 37 Ohms
Stator DC Resistance 12 Ohms
Phase Shift 8.5 Degrees

/ i

,,. ' ICD-GPS-OO2

'1/ 8-8-q1"



INTERtFACE SIGNAL CH•ARACTERISTICS

S IGNAL NAME TYPE 1/0 FROM TO

•Course Set Synchro 1Pilot's HSI UE

.Functional Description

Provides an electrical reference signal of the course manually selected

by the Course Set control on the HSI. This signal will be used by the UE as
a reference for positoning the course deviation and To-From Indicators on
the HSH.

Scinal Characteristics

RANGE: lo to 3600
ACCURACY: T O.S-INDErX REFERENtCE: Aircraft Heading
POSITIVE DIRECT[(gN SENSE: Increased Heading
SCALE FACTOR: I a• 10
RESOLUTIONa: + 2.50"

Electrical Characteristics (Continued on next page)

SOURCE: Pilot's HSI Course Resolver,
Eclipse Pioneer Type AY221-5-8

LOAD.: (TOO-1 )

Interconnection Data

(TUD-2)

A/C: A-IOA
R E F : A Q U - 6 / A , M I L - I - 8 3 0 3 4 M , ,C- G P S 0 0 2

.C 0-0

B-9



ELETRICAL CHARACTERISTICS

SOURCE 1

HSI, "•U-6/A, Course Resolver, Eclipse
Pioneer Type AY221-5-8

Input Voltage 26 Vac. 400 Hz
Input Current 12 me
Input Power 100 mw
Output Voltage 17.2 Vac
Phase Shift (Lead) 10 degrees
DC Resistance, Rotor 400 Ohms
DC Resistance, Stator 175 Ohms
Zro 700 + JZ100 Ohms
Zso 345 + jDZZO Ohms
Accuracy 20 minutes

A ICD-GPS-002
010-10

8-10



INTERFACE SIVNAL CHARACTERISTICS

SIGNAL A•AM TYPE I/O FMM TO

Horizontal Deviation Analog 0 UE Pilot's HSI & AD

Functional Description
Provides a variable d.c. signal that indicates the displacement of the air-

craft to the left or right of a selected course. The displacmoent represented by
the indicating device will be controlled by UE software and will be dependent upon
3ircraft flight phase. Deflection of the indicating device my represent angular
lisplacement (e.g.. 100 for a TACAN approach: 23.0 for ILS) or distance. For an
area navigation systems, the Area Navigation Subcommittee of the Air Transport
Association's Air Traffice Control Committee has recrmnded the following ranges
for the flight modes indicated: a) Enroute: 2-6 miles full scale, b) Termlnal:
1-2 miles full scale and c) Approach: 600-3000 feet full scale. Choice of pre-
sentation (distance/degrees) and scales are (TBD-3).

Signal Characteristics
RANGE: 0 to 150 iS a
RESOLUTION: &a

ACCURACY: + 10 ua
INDEX REFER.NCE: Selected course
POSITIVE DIRECTION SENSE: Fly right (e)
SCALE FACTOR: 75 ua/dot on the indicator

Distance/angular displacement scale factor (TBO-3)

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A); course bar mechan4:•, 1000 ohms * 31
2) Pilot's AD! (ARU-2B/A), 1000 ores + 3%

SOURCE: (TBO-1)

Interconnection Data

(TiD-2)

A/C: A-IDA
REF: AQU-6/A, MIL-I-83034

ARU-29/A, MIL-I-27193 A l - ICD-GPS-002

8-11a- 1-11
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NMAE TYPE 1/0 FROM TO

To-From Analog 0 UE Pilot's HSI

Functional Oescription

Provides a d.c. analog signal to drive the To-From indicator. If the
aircraft is flying toward the waypoint and has not intercepted a referenre
line perpendicular to the aircraft ground track and through the waypoint.
the Indication will be TO. Once past the waypoint reference line, the
indication will be FROM as long as tnis waypoint is still selected.

Signal Characteristics

RANGE: TO • + 225 ua maximAm
BLANK - no signalS... ,FROM -225u&a maximum

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A). Meter movetrent, 200 ohms _ 15%

SOURCE: (TBD-l)

Interc3nnection Data

(TD-2)

A/C: A-IOA
REF: A(U-6/A, MIL-I-83034

AI ICO-GPS-002

48-1
8-12



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance Flag Discrete 0 UE Pilot's HSI

Functional Description

Provides a discrete signal to operate the distance warning flag. The flag
is normally out of view when the range indicator is operating and the range data
is valid. The flag covers the range Indicator when the distance information is
rot valid or the device supplying the distance data is not operating.

Signal Characteristics

RANGE: 28 Vdc ground applied a out-of-view
28 Vdc ground not applied i in-view

Electrical Characteristics

LOAD: 1) Pilot's HSI (AnIU-6/A), Distance Shutter Mechanism.
Meter movement (28 Vdc)

SOURCE: (TBO-I)

Interconnection Data

(TBD-2)

A/C: A-10A
REF: AQU-6/A, MIL-I-q3034 , ,=.- ,

-~ A tCO-GPS-002
/" ,10-13

8-13 -
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FR1" TO

Horizontal Deviationo r . D t Discrete 0 UE Pilot's HSI & ADI

Functional Description

Provides a discrete signal to operate the deviation wrning fla or circuit

when the deviation data Is unreliable or a malfunction has occurred ?n the
course deviation circuitry.

Siql Characteristics

RANGE: Deviation siqnal valid: 24E.500 my.
Deviation siqnal invalid: <180 mv.

Electrical Characteristics

LOAD: 1) Pilot's HSI (AQU-6/A), Suppressed zero meter movement. 1000 ohms,
3%

2) Pilot's ADI (ARU-2/A). 1000 ohms, 3%

SOURCE. (TBD-l)

Interconnection Data

(TBD-2)

A/C: A-lOA

REF: AQU-6/A. MIL-I-83034
ARU-28/A, MIL-1-27193 AC-P-0

10-14
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IrTiERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

INS Update Digital 0 UC INS

Functional Description

PS output data will be provided to the INS (when installed) for use in
aligiment and other uses as required.

Output Data: a) Latitude e) Altitude
b) Longitude f) Time
cý N-S Velocity

E-W Velocity

Signal Characteristics

M1IL-STD-1553 or ARIN. Specification 419.

Electrical Characteristics

(TBD-1)

Interconnection Data

(TrD-1)

A/C: A-IOA
REF:

A ICO-GPS-002

e~v l 10-15
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INTERFACE SIGNAL CHARACTERISTICS

S IGNAL NAME TYPE 1/0 FROM TO

Vertical Deviation Analog 0 UC AD!

Functional Description
Provides a variable d.c. signal that Indicates the displacement of the aircraft

above or below a desired flight path. The displacement represented by the Indicating
device will be Controlled by UE software and will be dependent upon aircraft flight
phase. Deflection of the Indicating device may represent angular displacement
(e.g., 0.50 for ILS) or distance. For an area navigation systems, the Area
Navigation Subcommittee of the Air Transport Association's Air Traffic Control
Comiutta. has reconmended the following rAnges for the flight mdes indicated:
a) Enrouta: 200-2000 feet full scale, b) Terminal: 60-200 feet full scale and
c) Approach: 40-100 *eet full scale. Chnice nf nresentation (distance/deqrees)
and scales are TBD-3.

SnAl Characteristics
(NG:0t; 150 ua

RESOLUTION: wa
ACCURACY: + 10 ua
INDEX REFERENCE: Desired flight path
POSITIVE DIRECTION SENSE: F;y Dcwn (+)
SCALE FACTOR: 75 ia/dct on tne indicator

Cistance/angular displacement scale factor TB0-3

Electrical Characteristics

LOAD: 1) Pilot's ADI (ARU-28/A), 1000 ohms 4 3%

SOURCE: (T1D-1)

Interconnection Uata

(TBO-2)

A/C: A-IOA
.iF: ARU-ZB/A, MIL-I-27193

A-6 C-GPS-002

B10-1



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Vertical Deviation
Flag Discrete 0 UE Pilot's ADI

Functional Description

Provides a discrete signal to operate the deviation %arning flag or
circuit when the deviation data is unreliable or a malfunction has occurred
in the courst deviation circuitry.

Signal Characteristics

RANGE: Deviation signal valid: 245-S00 my.
Deviation signal inv~lld: <180 mv.

Electrical Characteristics

LOAD: 1) Pilot's AD! (ARU-8/A), Suppressed Zero Meter Movement,
1000 Ohms + 3%

SOURCE: (TBD-l)

Interconnection Data

(TB-2)

A/C: A-IOA
REF: ARU-2/A, MIL-I-27193

A ICD-GPS-002

8--1
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Analog. Heading Attitude
magnetic Heading Synchro Reference System UE

Functional Description

Provide angular reference signal of aircraft heading relative to magnetic
north.

Signal Characteristics

RANGE: 00 to 3600
ACCURACY: + 0.5%
INDEX REFERENCE: Magnetic North
POSITIVE DIRECTIRN SEgSE: Nose Right
SCALE FACTOR:' I -1
RESOLUTION: (TBD-Z)

Electrical Characteristics

SOURCE: 1) Heading Attitude Reference System. 3-Wire Synchro

LOAD: (TID-l)

Interconnection Data

(TBD-2)

A/C: A-IOA
REF:

A ICD-GPS-002

"...10-18

5/1
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

True Air Speed Synchro I Airspeed Indicator UE

Functional Description

Provides an Input of true airspeed In synchro format.

Signal Characteristics

SCALE RATE: 334.2850 for 500 knots V¢ (0.668570/knot)

Display to electrical angle outout

ACCURACY: + 1.5 knots

El ectrical Characteristics
SOURCE:
Electrical Zero: 50 knots Stator Res.(OC): 249 ohms +15%
Rotor Excitation: 26 Vrms, 400 Hz Input Cur., rotor: 0.060 amps
Stator Output: 3.9 Vrms max, 400 Hz Input Pwr., rotor: 0.800 W

line-to-line open Stator Load: 1OKn/leg matched (min.)
circuit @ 570 phase

Rotor Res.(DC): 54 oft I/0%
Rotor Imp.(Z): 216 + j302 LOAD: (T10-I)

Interconnection Uata

(TB0-3)

A/C: A-IOAkEF: MIL-I-83152S

A ICO-GPS-002
"", i , 1 ' 10-19

f

8-19



.. ~ A

INTERFACE SIGNAL CARACUTRISTICS

SIGNAL NAW• TYPE 1/0 FROM TO

Blanking Pulse Pulse I IFF, AN/APX-IOI(V) UE

Functional Description

Provides a blanking pulse to protect UE from damage whila other L band
systms are transmitting.

Siondl Characteristics
SIGAL TYPE: Positive Pulse
AMPLITUDE: 0 to +40 volts
FREQUENCY RANGE: 20.000 PPS (max.)
DUTY CYCLE: 15% (max.)
LOGIC ONE LEVEL (SUPPRESSION): +20 to +40 volts
LOGIC ZERO (NON-SUPPRESSION): 0 + 0.5 volts
START TIME: See next page
STOP TIME: See next page

Electrical Characteristics

SOURCE: lFF (AN/APX-lOI) Receiver-Transmitter
RT-1O63B/APX-IOltV), R - 100 Chms lO%

LOAD: 300 to 2,200 Ohms shunted by 18!0 Pf

Interconnection Data

WI,'ME TYPE: RG-58C/U Coaxial Cable

A/C: A-IOA
kEF:

A I.CO-GPS-OO2
I ai I" ' Il-2Go

/'

L- i o- 2a\8-20
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL KANE TYPE I/O FROM TO

Blanking Pulse
(continued) Pulse I jFF. AN/APX-1OI(V) UE

Signal Characteristics (continued)

START TIME: The suppression pulse shall rise to 7.5 volts minimam
at least 0.5 usec but not more than 3.0 usec before the RF
output pulse has reached 10% of its amplitude. For auxiliary
trigger and Mode 4 replies, the pulse shall rise to 7.5 voltsminimum less than 0.5 usec before the RF output pulse has
reached 10 of its Amplitude. Maximum rise time (10-g9%)
shall be O.S usec.

STOP TIME: The suppression pulse shall be less than 1.0 volt. 3.0 usec
after the 10% amplitude point of the trailing edge of the
lost RF framing pulse of the reply pulse train or after the
10 amplitude point of the trailing edge of each RF output
pulse resulting from the auxiliary trigger input.

A/C: A-10A

I I1 CD-PS-02

B-21J 8-21



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO•

Barometric Altitude Analog. I Altitude Computer UEh r c m t r l c A l t t r u d e S y n c h r o

Functional Description

Provides an Input of pressure altitude in synchro format for use by
the System when operating with less than full navigation capability.

Signal Characteristics

RANGE: -1000 to +70,000 feet
ACLURACY: _ 100 feet at 50,000 feet
INDEX REFERENCE: 29.92 inches Hg.
SCALE FACTOR: Output 1: 360 per 1,000 feet

Output 2: 360 per 1,000 feet
Output 3: 360 per 100 feet
Output 4: 1.8690 per 1,000 feet

-Electrical Characteristics (Continued next page)

SOURCE: Altitude Encoder. Altitude Transducer
Computer, Type CPU-46/AlO, P/N A43700-00-050
(Vollsman), 3-wire Synchro, P/N 100GZ-88-A1
(Eclipse-Pioneer) or equal

LOAD: (TBO-1)

Interconnection Uata

(T7o-2)

A/C: A-IOA
kEF: T.O. 5F5-4-13-13

MIL-C-2•7889 AICO-GPS-002

Wv 10-22
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ELECTRICAL CKARACTERISTiCS

LOAD I

Synchro Transmitter, Eclipse-Pioniz--ri
P/N IOOGZ-88-A1 or Equal

(TBo-2)

' ... ICD-GPS-OO2

8-23
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NANE TYPE I/O FROM TO

INS Data Digital I INS UE

Functional Description
GPS will require the foilolin9 data froe the INS in order to lock-on to

satellites rapidly and to maintain stabilization for the high AJ antenna:

a) True Air Speed e) X Velocity i) Roll
b) Pressure Altitude f) Y Velocity j) Magnetic Heading
c) Latitude g) Z "elocity k) True Headlna
d) Longitude h) Pitch

Signal Cnaracteristics

MIL-STD-1553 or ARINC Soecitfication 419

Electrical Characteristics

(TSD-1)

Interconnection Data

(TBD-l)

A/C: A-lOA
REF:

ICO-GPS-002

-7
8-24
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FRO4 TO

Pitch j Synchro I HAM• UE

Functioynl Description

Provides an Input of aircraft pitch attitude in synchro format to the UE.

Signal Characteri sties
RANGE: , 900
ACCURACY7• ÷ 0.50
INDEX REFExK1CE: 00 Pitch
POSITIVE DIRECTION SENSE: Nose Up
SCALE FACTOR: 10 a 10

El ectrical Characteristics

SOURCE: (TBD-2)
LOAD: (TUO.1)

Interconnection Data

(TED-1)

A/C: A-IOA
RE[F:

8-25
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I /O ROM TO

Ro ll Synchro I MARS UE

Functional Description

Provides an input of aircraft roll attitude in synchro format to the UE.

Signal Characteristics

RANGE: O0 to 3600
ACCURACY: +0.50
ImqfX REFERENCE: 00 Roll
POSITIVE DIRECTION SENSE: Right Wing Down
SCALE FACTOR: 10 - 10

Electrical Characteristics

SOURCE: (TBD-2)

LOAD: (TDO-l)

Interconnection Data

(TBD-1)

A/C: A-IOA
REF:

"A I" iCi|-GPS-002

8-26



9. FUTURE MODIFICATIONS

Table 9-1 presents planned or tentative Class V modifications. Only

those systems not previously addressed in Section 6 are included. Tables

9-2 through 9-4 present limited LRU data on the ARC-186 VHF radio, the
Inertial Measurement Unit, and the Compass Tie System.

Table 9-1. A-10A CLASS V AVIONICS MODIFICATIONS

Terminology/Nomenclature Remarks

Inertial Navigation System Selection of the F 3/INS compatible
system is to be made in the near

future. See Table 9-2.

Chaff Dispenser/ALE-40 Will be incorporated in the near

term.

VHF AM/FM Radio/ARC-186 Two will be installed. One will
replace the VHF AM radio before
production begins. The other

/ will replace the VHF FM radio
under a retrofit activityjlater.
See Table 9-3.

Global Positioning System Space located-three dimensional,
continuous, worldwide precision
positioning system.

Compass Tie/ALR-69 Updated RHAW system with jammer
power management capability.

(Uncertain modification for A-10A
at this time.)

9-1
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10. DATA SOURCES
The following sources of data were used in preparing this summary:

* Information contained in the JTIDS Aircraft Configuration Data Sum-
mary - A-10A. (Source ASD/XRE)

• A-10 System Program Office

I ICD-TPS-002, GPS Phase II User Equipment Interface Requirements
for the A-10A Aircraft

* Letter from ASD/YXEA to ASD/EN, 1 February 1978, Subject "A-10A
Avionics"

0 Avionics Planning Baseline Document, October 1978

0 Rockwell International/Collins ARC-186 VHF Radio Description Data

0 ARINC Research Informal Report - Technical Report, Preliminary JTIDS
Configuration Data Analyses, May 1978

0 ASD YXEA Letters, 19 September 1978, ALR-69 Installation Drawings

List of Technical Orders

Technical Order
Number Title Change Date

1A-10N-01 List of Publications 4/1/77
1A-10A-1 Flight Manual 3/30/79
IA-10A--l1 Flight Manual 2 9/15/77
1A-IOA-2-1-1 General Manual Basic 1/25/77
lA-10A-2-110-1 Wiring Diagrams 3 10/15/77
lA-lOA-2-34TS-1 Navigation/Instrument System 2 7/15/77
lA-lOA-2-26MS.-l Fuel System Basic 3/1/77 -
1A-lOA-2-27MS-l Flight Control 2 3/1/77
lA-10A-2-94MS-l Fire Control Basic 9/1/77
IA-10A-2-94MS-2 Armament Basic 1/3/77
lA-10A-2-21MS-1 Environmental Control System 2 3/15/77
lA-10A-2-34MS-1 Instrument System 1 5/20/77
lA-10A-4-27 Flight Controls Basic 2/1/77
1A-10A-4-1 Parts Index Basic 12/15/77
1A-10A-4-23 Parts-Communications 1 11/1/77
1A-10A-4-34 Parts-Instrument System 1 11/15/77
1A-1OA-4-93 Parts-Electronic Warfare 1 11/1/77
1A-IOA-21 Inventory 1 3/15/77
12R2-ARC164-2 Radio Set Basic 6/20/76
12R5-ARNlIa-1 TACAN Navigational Set Basic 10/15/76
12P4-2APX101-2 Radio Basic 9/1/75

10-1
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-
Patterson AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland
under Contract F33657-79-C-0567.
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Table 6-15 EF-111A Avionics Configuration Data: 6-16
Attack Radar NSN: TBD

Table 6-16 EF-111A Avionics Configuration Data: 6-17
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1. INTRODUCTION

This document contains configuration data relating to the integration
of additional avionics into the EF-i1lA aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft Queries regarding information
contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.
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2. COCKPIT SPACE

2.1 Introduction

The cockpit in the EF-lilA is divided into six main areas: the left
and right instrument paneli the left, center, and right consoles (Figures
2-1, 2-2, 2-3)1 and the back wall. Changes from the current prototype con-
figuration to the production configuration are as follows:

Left Console

HF radio control panel moved from left rear wall to center
console

* Center Console

0 KY-28 control panel demoded

• CVDS control panel demoded

HF communication control added

** IFF control added

TV monitor demoded, flight test only

* Right Console

IFF control removed from right rear wall and put on center
console

• Instrumentation control panel demoded

. Left Instrument Panel

* No changes

• Right Instrument Panel

-Instrumentation test panel demoded

2.2 Possible Control and Display Space

The changes that may be made for the production configuration produce
several space options. If the IFF control panel is moved back to its
original position on the right back wall, a large space would be available
on the center console. Another possibility would be the relocation of the
HF Communications Control from the center console to the left rear wall.

The only blank panel space available without relocation is 1-7/8 inch
high in the left corsole, behind the pilot's shoulder line and 1-1/2 inch
high in the right console, behind the EWO's shoulder line.
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3. AVIONICS SPACE

3.1 Right Forward Equipment Bay

All potentially available avionics space is in the forward, right
hand equipment bay under access doors 1201 and 1202 (as illustrated in
Figure 3-1). Some of the alternatives for providing space in the EF-I11A
into whicq LRUs might be placed are compiled in the Form, Fit, and Environ-
mental (F E) Summary, Table 3-1.

3.2 Other Locations

No other available locations have been identified from examination of
the available drawings and discussions with the EF-111A SPO personnel.
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(9 4. ELECTRICAL POWER SYSTEM

4.1 Introduction

115 volt, three phase, 400 cycle ac power and 28 volt dc power is
provided for the electrical power system in the EF-111A. This power is
generated by two 90 kVA ac generator drive assemblies, one mounted on each
engine. These generators are supplemented by two transformer rectifier
units that convert the power to 28 volts dc. The electrical power and
lighting system consists of the following systems:

* Main ac power system

6 External ac power and monitor system

0 Emergency ac power system

0 Dc power system

* Exterior lighting system

a Interior lighting system

. Warning and caution system

4.2 Power Requirements

In the EF-I1A, as well as the F-1llA, there is a basic avionics
electrical power requirement of 40 kVA, assuming that the removal of attack
equipment offsets the added ECM equipment. Ten ALQ-99 jammers require 125
kVA of electrical power. This requires a total load of 165 kVA, leaving a
15 kVA growth capability.

4.3 Power Generation and Distribution

The main sources of electrical power are 90 kVA indirect drive
generators. These generators replace the two 60 kVA generators in the
F-llIA. Both are 90 kVA constant speed drive generators. The control units
for these generators are in the forward equipment bay. The electrical power
distribution system is functionally identical to that of the F-1lIA. The
only differences are the Jammer Subsystem (JSS) monitoring and control unit
and an increase in feeder cable size.

4.4 Emergency ac Power System

The 10 kVA emergency ac power system provides electrical power for
operation of safety-of-flight equipment in the event the main ac power system
fails or hydraulic power is applied to the aircraft without electrical power,
or both. The emergency ac power generator is operated by the utility
hydraulic system.

/
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4.5 DC Power System

The dc power system supplies the aircraft with the necessary 28-volt
direct current power. The main dc power system uses two ac-to-dc power
converters to supply the main and essential dc buses. The aircraft battery
ensures that standby power is available to power engine starts, aircraft
position lights, and pylon refuel/defuel valves without external power units.

42
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5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The Environmental Control System (ECS) in the EF-i1A contains an air
cycle cooling section (AACS) and a liquid thermal transport section (TTS).
The AACS, which utilizes the open bootstrap air cycle configuration for
heat exchange, provides conditioned air to the cockpit and to the various
avionics and equipment bays for both force-cooled equipment and compartment
cooling. The TTS, which has two closed, self-contained recirculating
liquid coolant loops, is utilized to remove the heat from thb jamming sub-
system transmitters and the ALQ-137 Self-Protection System.

5.2 Cabin Air Conditioning

The cabin cooling and heating requirements are satisfied by an air
flow from the AACS; the actual airflow rate is determined by the flow
schedule at the flow control system. From the cockpit, the cooling air is
dumped into the forward equipment bay at an exhaust temperature of 80*F.

5.3 Avionics Air Conditioning

The AACS provides conditioned air to the avionics to meet the minimum
requirements for compartment cooling and force-cooled equipment. The
forward equipment bay (FEB) heat load has grown by 2,974 watts (fro.. 13,494
"watts), because of increased wiring losses and the addition of ambient-
cooled equipment. Because the FEB ambient temperature is raised by less
than 10*F, this heat increase is not considered significant in view of the
32.8 lbs/min. of conditioned air being supplied to the FEB and nose radome.
Table 5-1 illustrates the power dissipation required in the various areas
of the aircraft served by the AACS and TTS.
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V 6. CURRENT AVIONICS

Tables 6-1 through 6-21 contain LRU data relating to the EF-i11A
systems that make up the current or near-term configuration. Where no
entries are shown, the data were not available for this report. Data per-
taining to future avionics modifications are presented in Section 9.
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7. ANTENNA LOCATIONS

7. 1 Existing Antennas

Figure 7-1 show the locations of existing EF-l1A antennas.

7.2 Planned Antennas

The proposed location for the GPS antenna is at the top of the forward
equipment bays, approximately at fuselage station 160.

The EF-I11A antenna nomenclature is as follows:

Noenclature or
Location Antenna Part Number

1 Glide Slope

2 High Frequency Radar Homing TBD

3 ADF AS-909/ARA-48

4 Low and Medium Frequency Radar TBD

5 ALQ-137 Hi Band AS-3203/ALQ-137

6 IFF and UHF Data Link AS-1919

7 Radio Beacon Set TBD

8 TTW and SPS TBD

9 UHF/TACAN Upper AS-1918/AR

10 HF TBD

11 ALQ-99 Band 8, Band 9 AS-2911/ALQ-99, AS-3203/
ALQ-99

12 ALQ-99 Band 1 (2) AS-3206/ALQ-99

13 ALQ-99 Band 2 (2) AS-3207/ALQ-99

14 ALQ-137 Hi Band AS-3203/ALQ-137

15 IFF Lower AS-1919

16 ALQ-99 Blade (2) TBD

17 ALQ-99 Band 4, 5/6, 7, 8, 9 AS-3208/ALQ-99

18 Localizer (2) TBD

19 UHF/TACAN Lower AT-741B/A

20 ALQ-137 Low Band TBD

21 ALQ-137 Mid Band TBD

22 Marker Beacon TBD

23 Forward Radar Warning (2) TBD
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Ncmenclature or

Location Antenna Part Number

24 High Frequency Radar Homing (4) TED

25 TFR (2) TBD

26 NAV Radar TBD
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5 6 7 8 9/ 101

513

25 6. Fd

S20171

1. Glide Slope
2. High Frequency Radar Homing
3. ADF
4. Low and Medium Frequency Radar
5. ALQ-137 Hi Band
6. IFF (Upper) and UHF Data Link
7. Radio Beacon Set
8. TToW & SP(
9. UHF #2 and TACAN Upper

10. HF
11. ALQ-99 Band 8, Band 9 Multiband, ALR-62, AIQ-137

12. ALQ-99 Band 1 (2)
13. ALQ-99 Band 2 (2)

14. ALQ-137 Hi Band
15. IFF Lower
16. ALQ-99 Blade Antenna (RH Band 1 LH Band 2)(2)
17. ALQ-99 Band 4, Band 5/6, Band 7, Band 8, Band 9
18. Localizer (2)
19. UHF #2 and TACAN Lower
20. ALQ-137 Low Band
21. ALQ-137 K:id Band
22. Marker Beacon
23. Forward Radar Warning (2)
24. High Frequency Radar Homing (4)
25. TFR (2)

26. NAV Radar

Figure 7-1. ANTENNA LOCATIONS
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S.... S. INTERFACE DATA

Data were not available for this section.
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( 9. FUTURE MODIFICATIONS

This section is not applicable to the EF-I11A at this time, since the
production configuration has yet to be approved.
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'. 10. DATA SOURCES

The following sources of data were used in preparing this summary:

0 Aircraft and avionics configuration data assembled by ARINC Research,
principally in the form of copies of applicable sections, tables,
and fiqures, form the aircraft and equipment Technical Orders listed
at the end of this section.

0 JTIDS Configuration Data Summary, 5/31/78

0 Requirements Analysis for a Multifunction, Multiband Airborne
Radio System (MFBARS), AFAL TR-7899, July 1978

* Training Notes

Inventory of Technical Orders

Change Date
T.O. # Title Number at

IEF-111A-2-1 General Information Basic Manuscript

IEF-111A-1 Flight Manual Basic 3/1/78

IF-l11A-l Flight Manual Basic 1/28/78

12R2-2ARC164-2 Radio Set Basic 6/20/76

12RS-2ARNll8-1 TACAN Navigational Set Basic 10/15/76

12R5-2URT27-2 Radio Beacon Set Basic 6/1/77

12RS-2ARN58-2 Radio Receiving Basic 5/13/77
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Weapon Release Computer System,
AN/ASQ-91 NSN: 1270-00-410-9123

Table 6-19 F-4E Avionics Configuration Data: 6-22
Lead Computing Optical Sight System
(LCOSS), AN/ASG-26( ) NSN: 1270-
00-105-9006

Figure 7-1 F-4E Antenna Locations 7-2

Table 9-1 F-4E Ongcing Modifications 9-2

Table 9-2 F-4E Planned/Tentative Modifications 9-2

Table 9-3 F-4E Avionics Configurition Data: 9-3
UHF Radio Set LRUS, AN/ARC-164 (Two
Complete Systems may be Installed)

Table 9-4 F-4E Avionics Configuration Data: 9-4
/TACAN LRUS, AN/ARN-Li8

Table 9-5 F-4E Avionics Configuration Data: 9-5
ANATRN-101 Components

* ~\



1. INTRODUCTION

This document contains configuration data relating to the integration

of additional avionics into the F-4E aircraft. The data presented describe
the F-4E aircraft avionics configuratio;i in Block 48 and in subsequent

blocks where the Digital Navigation (ARN-101) and the PAVE TACK systems
have been installed.

This document will be revised periodically as aaddtional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.
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2. COCKPIT SPACE

Figures 2-1 through 2-8 show the current forward and aft cockpit layout.

The console and panel space available in the F-4E is very limited.
"There are two adjacent blank panels on the forward cockpit left console
(Figure 2-3) that are about 6 inches high collectively. (The standard
width is 5.75 inches.) There are two blank panels in the aft cockpit left
console (Figure 2-7), only one of which is practically usable (1.5 inches
high). Finally, there are two blank panels on the aft cockpit right console
(Figure 2-8). One of these is 1 inch high; the other is not standard width
and is about 3 inches square.
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2I

533
I. Utility Panel Left
2. Oxygen Control Panel

3. A Control Handle
4. Engine Control Handle (Inboard)

4 5. Throttles
6. Engine Control Handle (Outboard)
7. Eject Light/Switch
8. Flap/Slats Control Panel

___ _9. Canopy Selector

10. bktra Picture Switch
11. Gun Camera Switch

16 4 12. Fuel Control Panel
13. ArCS Control Panel
14. Dray ChutS Control Handle
15. Intercom System Control Panel
16. VOC Control Panel

F, 317. Boarding Steps Position Indicator
18. Blank Panel
19. Blank Panel
20. Anti-G Suite Control Panel
21. Auxiliary Armament Control Panel

"17 22. ALE-40 Control Panel
23. Armament Safety Override Switch

22 24. Slats Override Switch

21 18

Figure 2-3. 'OI- ARD COCKPIT, LEFT CONSOLE, F-4E
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11

S12 13 1

1. Meater Caution Reset
2. Communicationa Control Panel

411 •3. Navigation Control Panel
4. IFF Control Panel
S. OCU-94A bomb Control-Monitor Panel

6. DCU-94A bomb Control-Monitor Panel
7. Compaa Control Panel
3. Airborne Video Tape Recorder

5 019. Cockpit Lights Control Panel
10. Temperature Control Panel
11. Generator Control Panel
12. Utility Panel (Right)
13. Defoq/Foot Heat Control Handle

S 9 14. Eerqency Vent Handle

15. CNI Equipment Cooling Reset button

16. Intensity Control Panel
17. Circuit Breaker Panel
18. Standby Attitude Circuit Breaker
1 and Intensity Control Panel

7

Figure 2-4. FORWARD COCKPIT, RIGHT CONSOLE, F-4E
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D2

3

13 1. Blank Panel
2. Sensor Select Panel
3. AIC Control Panel
4. Radar Set Control Panel

12 5. Target Insert Panel
4 6. Nay Computer Set Control

"7. UHF Radio Control
8. MKR BCN VOR/IUS Audio Control
9. Oxygen Quantity Gage

10. Cabin ALTIM Indicator
11 11. Remote Switching Panel

114 12. Throttles
13. Blank Panel

S6 14. Pull up Tone Switch
15. Anti-G Suit Valve Control

0[;7

Figure 2-7. AFT COCKPIT, LEFT CONSOLE, F-4E

(2-
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1. Laser Code Control Panel
3 2. Pave Tack Control

3. Integrated :]and Control
4. KEYER Control Panel
5. TACAN Control Panel
6. Intercom Control Panel
7. Blank Panel
B. Blank Panel

9. Stall Warning Tone Control Panel
10. Nuclear Store Consent Switch
_1. Cockpit Lights Control Panel

Figure 2-8. AFT COCKPIT, RIGHT CONSOLE, F-4E
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... 3. AVIONICS SPACE

Some of the alternatives for space provisions in the F-4E are compiled
in the Form, Fit, and Environmental (F 2E) Summary Table 3-1. Figu.,e 3-1
shows the approximate locations of these spaces and is keyed to Table 3-1.
The temperature-altitude-vibration environmental data relative to the
identified locations are presented in Table 3-2.

The following basic 1i.ints should be made with respect to the data
contained in the tables:

There is a large space apparently available in the tail area.
However, there is a severe temperature environment to contend with,
and cooling and power must be provided to the area. The attrac-
tiveness of this space depends on the amount cf power and cooling
required for candidate avionics.

6 Small space may become available through equipment size reduction
or relocation of other units. The latter might involve significant
aircraft rewiring.

. The temperature data represent uncontrolled environmental condi-
tions. Equipment installed in any area must be cooled to the
extent necessary to meet Class 2 requirements.

. With the exception of the "Rat Bay" (Table 3-1, Space C) the condi-
tion I avionics areas have direct forced air conditioning. The
condition II area in the tail is not cooled and has a severe tempera-
ture environment.

. The vibration data represent compartment conditions existing for
any equipment mounted therein. The necessity for shock mounting
can be determined from these data. The CNI bay has the most vibra-
tion in the 10 Hz to 15 Hz band, while the unper equipment bay has
the largest vibration in the 20 Hz to 23 Hz band of the three
regions examined.
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Table 3-2. F-4E RAM ENVIROENTAL DATA SYNPOSIS

Temperaure Data

Temperature. Condition
Altitude

Condition I il

Continuous -54°C to +71° C, See eel -54°C to +71"C, Sem level

*54C f - +24°C, 60,000' -54C to +24°C, 60,000'

30 Minutes to +96 C, Se level to +95WC, See level
to +83- C, 60,000' to +1000C, 60,000'

10 Minutes to +1010C, Sea level to +10VC, Se level
to +1430 C, 50,000' to +170C, 50,0

Vibration Date

Equipment Region

Performance Ix x

5.10 Hz 0.060 inchs 0.060 Inche 0.060 Inches
10615 Hz 0.063 inches 0.078 inches 0.064 inches
15-20 Hz 0.036 inches 0.036 inches 0.036 incm
20-23 Hz 0.036 inches 0.060 Inches 0.060 inches
23-50 Hz 0.036 inches 0.036 inches 0.036 inches
>50 Hz ±5g t5v 159

/

/ '30
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4. ELECTRICAL POWER SYSTEM

4.1 Main Power System

The main electrical power system in the r-4E is composed of two 30
kVA, 115 volt, 400 Hz 3-phase power generators with a constant-speed drive
(CSD) unit regulating the generator at 8,000 rpm. The load is evenly
divided between the generators when they are operating in parallel. If
a fault in either generator occurs, it is removed from the line. Two
underfrequency protectors prevent underfrequency operation of the
generators.

4.2 Power Conversion and Distribution System

The power conversion and distribution system has three main functions:
(1) distributes internal emergency and external sc power to the aircraft,
(2) distributes dc power to the aircraft, and (3) converts 115 Vac to 28/14

Vac and 28 Vdc. Power from the left generator is supplied to the left main
115 Vac bus and instrument 200/115 Vac bus. The right generator delivers
power to the 115 Vac right main bus and the essential 115 Vac bus. In
normal operation the emergency generator delivers ac power to the essential
and instrument buses.

Two 100 ampere transformer-rectifiers convert the received ac power
from their generators to the 28 Vdc power.

4.3 Battery Power

The battery power supply system contains a 24 volt nickel cadmium
battery rated at 11 ampere-hours at a 2-hour discharge rate. The aircraft
battery is used for normal ground and emergency air starts as well as to
provide power to the four floodlights. If total ac-to-dc power conversion
fails, the battery will supply power to the essential dc bus.

4-1

n un n n ! ! - -I I -



~/

5. NVIRNMENTAL CONTROL SYSTEM

5.1 General

The aircraft environmental control system air conditioning is divided
into two major systems, one for cabin areas and one for electronic equip-
ment cooling. Both systems utilize high-temperature, high-pressure,
seventeenth stage engine compressor bleed air from either or both engines.

5.2 Cabin Air Conditioning

The cabin air conditioning system on the right side of the fuselage
contains two air-to-air heat exchangers and other associated equipment
that allow a selection of cabin air ccnditioning temperatures, vent air
temperatures, defogging, rain removal, and ram air operations. This same
cabin air is also used to purge the gun gases from the breech of the
M61AI nose gun.

5.3 Equipment Air Conditioning

The equipment air conditioning system on the left side of the fuselage
supplies cooling air for the main radar package in the nose, the CNI pack-
age aft of the nosewheel well, and the electronic equipment shelf behind
the rear cockpit bulkhead. Control nf the air conditioning system is com-
pletely automatic. The temperature is controlled at approximately 84*F
from seal level to 25,000 feet and 40*F from 25,000 feet up.

5.4 Equipment Auxiliary Air System

The equipment air conditioning system also supplies partially cooled
air to the equipment auxiliary air system (EAAS). The EAAC automatically
distributes partially cooled, low-pressure bleed air from the engine bleed
air system to the following systems:

* Anti-G system

. Canopy seal system

. Air data computer

a Fuel pressurization system

* Pneumatic system air compressor

. Radio Receiver-transmitters

0 Forward looking radar system

5.5 Cooling Power

The actual cooling power required (bused on flight test results) is
shown in Table 5-1 for two extreme flight conditions.
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6. CURRENT AVIONICS

Tables 6-1 through 6-20 contain LRU data relating to the F-43 avionlcs
systems that make up the current or near-term configuration Where no
entries are shown, the data were not available for this rdport. Data per-
taining to 'uture avionics modifications are presented in Section 9.
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7. ANTENNA LOCATIONS

Figure 7-1 shows the approximate location of the antennas on the F-43.
The F-42 antenna nomenclature is as follows from the most recently dated
technical orders:

Nomenclature or
Part Number

1. Radar AS-3083/APQ-120(V)
2. ADF AS-909A/ARA-48
3. Lower 11C21400
4. Lower UHF AS-1611/A
5. IFF 2285-/A
6. Radar Altimeter AS-1386/AS-1142
7. Upper TACAN DMNI-29
8. LORAN X-Axis TBD
9. VOR/ILS Glide Slope D0N9-5

10. AN/APX-80A IFF Dipole TED
11. Left Wing Tip ALR-46 RHAW TBD

(Same on right wing)
12. ALR-46 MIAW (2) 93346
13. Upper UHF AS-1611/A
14. LORAN X-Y Axis Cross Loop AS-4010/A

7-
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8 INTMERFACE DATA

Data were not available for this *ection.
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& [.~99. 1UTURE MODIFICATIONS

Table 9-1 lists the known ongoing or near-term F-49 iOdifications
(Block 48 and up) not previously discussed in Section 6. Table 9-2 presents
some of the planned or tentative Class V modifications. Because the details
of some modifications are classified, this section is limited in its content.
Tables 9-3 through 9-5 list LRU data for the AR-164, ADX-ll8, and ARM-101,
respectively.
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Uable 9-1. F-4E ONGOING MODIFICATIONS

Terminology/Nomenclature Remarks

AIM-?! Interface Replaces analog fire control computer with
digital air combat computer.

PAVE TACK/AVQ-26 Provides ARN-lOl-equipped aircraft with the
capability to acquire targets and employ
terminally guided direct attack weapons.

Maverick/AGM-65A Maverick missile carriage and launch capability.

UH? Radio/ARC-164 Replaces appropriate UHF portion of ASQ-19( ).

(Near Completion)

TACAN/ARN-I18 Replaces appropriate '"ACAN portion of ASQ-19( ).

Digital Avionics System/ Replaces ASN-63, ASN-46A, and ASQ-91 systems.

ARM-101

GOU-15 Data Link/AXQ-14 Provides ARN-10 aircraft with TV display
signals and provides "ata link for GBU-15 weapon
guidance.

Digital Scan Converter Group Provides integrated and improved radar, optical,
and TV display capability to the forward cockpit

and radjr/TV display to the rear cockpit.

Video Tape RecordEr Prov~des capability to tape information presented
on the Digital Scan Converter displays.

TOable 9-2. F-4E PLANNED/TFNTATIVE MODIFICATIONS

Terminology/Nomenclature Remarks

Compass Tie/ALR-E9 Improved RHAW system and added ECM power manage-
ment capability.

AIM-9L TBP

Global Positioning System Space-based radio navigation system that provides
worldwide precise three-dimensional location

information.

AN/ALQ-131( ) Jammer Replacement for ALQ-119 Pod Jammer. The system
will be modularized to provide mission-tailored

ECM jamming capability.

VHF AM-FM RAdio/ARC-l%6 Addition of VHF communicatlon capability.

Vinson/KY-58 Secure-voice replacement for KY-29.

GRU-15 Planar wing weapon.

q-Z
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.. 10. DATA SOURES

The following sources of data were used in preparing this summury:

"* Aircraft and avionics configuration data assembled by ARINC
Research, principally in the form of copies of applicable sections,
tables, and figures from the aircraft and equipment Technical

Orders listed at the end of this section

"* Avionics Planning Baseline Document - October 1978

"* McDonnell Report 8738, Environmental Design Requirements and Test
Procedures - Aircraft Electronic Equipment - 5 April 1962, Rev.

1 July 1964.

" Information supplied by Ogden ALC

" Technical Order T.O. 12P2-2APQ-120-2-1 for the MSDG and DSCG
display information

" ARINC Research Informal Report: Technical Report, Preliminary
JTIDS Configuration Data Analyses, May 1978

Inventory of Technical Orders
Change

T.O. Number Subject Nuwber Date

lF-4E-1 Flight Manual 9 9/15/78

1F-4E-2-1 Aircraft, General 18 4/15/78

lP-4E-2-4 Flight Control Systems 5 12/15/77

17-4Z-2-9 Air Induction System 13 6/1/77

17-4E-2-10 Fuel Sys ms 12 11/15/77

1F-48-2-11 Instrument System 19 12/15/77

17-4E-2-12 Air Data Computer Set a 12/15/77

lF-4E-2-13 Electrical System 2 12/15/77

1F-4E-2-14 Integrated Electronic Central Original 6/15/77
Radar Altimeter Radar Beacon
Syhtcnm

1F-4E-2-15 Navigation System 17 4/15/77

lr-4E-2-17 Avionics Navigation Instrument 8 12/1/77
System

17-43-2-18 Armament Systems (Sections l&2) 15 6/1/77
(Volume 1)

1F-4E-2-18 Armament Systems (Sections 15 6/1/77
(Volume 2) 3,4,5,6,7)

1F-4E-2-19-1 Weapons Control System (P. 1-1p 16 4/15/77
(Volume 1) 6-430)

(continued)
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Inventory of Technical Orders (continued)T. 0. umberChange
T.O. NWber Subject Number DateI1-4E-2-19-1 Weapons Control System (6-430, 16 4/15/77

(Volume 2) end)
1-42-2-22 Systems Integration 16 7/15/77
I-4E-2-23 Wiring Diagrams (Sections 1,2,3) Basic 4/1/77
(Volume 1)
IF-4E-2-23 Wiring Diagrams (Sections 4,5) Basic 4/1/77
(Volume 2)
IF-4E-2-30 Electronic Intelligence System 3 4/1/77
11-43-2-33 Weapons Release Computer 9 4/1/77
11-4E-2-38 Electronic Optical Target Basic 4/1/77

Designator
11-4E-4-4 Instrument, Electric, Systems 24 4/15/77
11-4E-4-7 Index 2 8/15/77
11-43-21 Equipment Inventory 3 11/4/76
11-41-34-1-1 Weapons Delivery 1 7/15/77
12R2-2ARCI64-2 Radio Set Basic 6/20/76
12RS-?ARMJl8-l TACAN Navigational Set Basic 10/15/76
12PS-2APN-32 Receiver-Transmitter and 13 12/1/76

Antennas
12R5-2ARN127-2 Radio Receiving Basic 1/15/77
12P3-2ALR46-42 Signal Processor 4 12/31/77
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaced for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division tASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.
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1. INTR~ODUCTION

This document contains configuration data relating to the integration
of additional avionics into the F-4G aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding infor-
mation contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.

-47A
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( 2. COCKPIT SPACE

Figures 2-1 through 2-6 present the current forward and rear cockpit
layout, respectively, for the F-4G aircraft. Space availability within
each cockpit is extremely limited. The rear cockpit underwent an exten-
sive change as a result of APR-38 ECM system installation.

It is expected that further significant cockpit modifications will
occur in the near future with the addition of an airborne video tape
recorder in the forward cockpit right console and a new navigation system
(such as the ARN-101 or AJQ-25). It is noteworthy also that the layout
shown does not reflect the ARC-164 UHF Radio or the ARN-1i8 TACAN instal-
lations that are nearing completion.

/73
2-1



- -- -- -- - -- --- - - -- - - -- - - -- -- - - - - - - - -- -- -- - -- - - - - - - - - -- - - - - - - - - - - - -

joO4

0 2

Av ia l Con

2-
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1. INTERCOM CONTROL PANEL.
2. CONTROL-MONITOR PANEL
3. RADAR CONTROL PANEL
4. tOMMUNICATION CONTROL PANEL
1. ANTI-0 SUIT HOSE
IL NAVIGATION CONTROL PANEL
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1, OXYGEN OUANTITY GAGE
10, CABIN ALTIMETER 0 *- * 09.. 

. . .
. . . . . . . . . . . . . . . .

I11. UTILITY PANEL

1 2. ANIALE-40 PROGRAMMER
13. THROTTLES
14, BLANK PANEL '

15, EMERGENCY SLATS FLAPS 0*
1G. CAP40PY CONTROL HANDLE L

i7I

D*

0j

AA -

CD.

, - , z A

1 2

10j

Fiue2-5. REAR LEI'T CONSOLE AREA

Best Available Copy

2-6



---- -----------

1. INERTIAL NAVIGATION CONTROL PANEL
2. COMPUTER & MISSILE PROGRAMMER
3. RADAR ANTENNA CONTROL PANEL
4. WEAPON DELIVERY PANEL
%. WEAPONS 4ELEASE COMPUTER CONTROL PAN4EL
S. NAVIGATION CONTROL PANEL
1. OXYGEN & COMMIUNICATION LEADS
1. COCKPIT Li GHTS CONTROL PANEL
1. NUCLEAR STORE CONSENT SWITCH

10. SST-ISIX PULSE SELECTOR SWITCH
11. CURSOR CONTROL PANEL
12. EXTRA PICTURE SWITCH
13. STALL WARNING TONE CONTROL PANEL

~ 3
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Figure 2-6. REAR RIGHT CONSOLE AREA
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3. AVIONICS SPACE AVAILABLE

On the basis of the examination of a production F-4G aircraft (Serial
Number 69-7201) at Ogden ALC with the APR-38 system installed, available
avionics space, as shown in Table 3-1, were identified. The location of
these areas are listed in the table and are also keyed to Figure 3-1.

There exists a large space in the tail area, mode-ate space in the
upper avionics bay and in the "Rat Bay", and smaller spaces in various other
locations throughout the aircraft.

Table 3-2 details several possibilities for providing space in the 1984
time frame. These alternatives will require replacement or modification
of certain systems. Locations are keyed to Figure 3-1.

The environmental data for the areas cited has been extracted from
McDonnell Report 8738 and presented in Table 3-3. Although the addition
of the "chin" pod and other structural changes made during the F-4E to
F-4G conversion might produce some aerodynamic effects (e.g., added drag at
low speeds and altitudes), the applicability of the environmental data
contained in the report is considered valid currently and no known new/
special temperature - altitude - vibration testing is now planned.
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4. ELECTRICAL POWER SYSTEM

4.1 Main Power System

The main electrical power system in the F-4G is composed of two 30 kVA,
115 volt, 400 Hz 3-phase power generators with a constant-speed drive (CSD)
unit regulating the generator at 8,000 rpm. The load is evenly divided
between the generators when they are operating in parallel. If a fault
in either generator occurs, it is removed from the line. Two underfrequency
protectors prevent underfrequency operation of the generators.

4.2 Power Conversion and Distribution System

The power conversion and distribution system has three main functions:
(1) distributes internal emergency and external ac power to the aircraft,
(2) distributes dc power to the aircraft, and (3) converts 115 Vac to 28/14

Vac and 28 Vdc. Power from the left generator is supplied to the left main
115 Vac bus and instrument 200/115 Vac bus. The right generator, delivers
power to the 115 Vac right main bus and the essential 115 Vac bus. In
normal operation the emergency generator delivers ac power to thc. essential
and instrument buses.

Two 100 ampere transformer-rectifiers convert the received ac power
from their generators to the 28 Vdc power.

4.3 Battery Power

The battery power supply system contains a 24 volt nickel cadmium
battery rated at 11 ampere-hours at a 2-hour discharge rate. The aircraft
battery is used for normal ground and emergency air starts as well as to
provide power to the four floodlights. If total ac-to-dc power conversion
fails, the battery will supply power to the essential dc bus.

4-1 / "
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5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The aircraft environmental control system air conditioning is divided
into two major systems, one for cabin areas and one for electronic equip-

ment cooling. Both systems use high temperature, high pressure, and

seventeenth-stage engine compressor bleed air from either or both engines.

5.2 Cabin Air Conditioning

The cabin air conditioning system (CACS) on the right side of the

fuselage consists of two air-to-air heat exchangers and other associated

equipment. The CACS allows a selection of cabin conditioning temperatures,

defogging, rain removal, and ram air operations.

5.3 Equipment Air Conditioning

The equipment air conditioning system, located on the left side of the

forward fuselage, supplies cooling air for the radar compartment in the nose,
the electronic equipment compartment aft of the nosewheel well, and the

electronic equipment shelf behind the rear cockpit bulkhead. System control

is entirely automatic with the temperature being controlled at approxi-

mately 84 0 F from sea level to 25,000 feet and 40 0 F from 25,000 feet up.

5.4 Equipment Auxiliary Air System

The equipment auxiliary air system (EAAS) uses partially cooled air

from the equipment air conditioning systcm. The EAAS distributes the cooled
air as follows:

* Anti-G System

Canopy Seal System

* Air Data Computer

* Radar Wave Guide

* Rear Cockpit Radar Scope

Radio Receiver(s) - Transmitter

" Fuel Pressurization System

"* Pneumatic System Air Compressor

5-1 / ,'
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S6. CURRENT AVIONICS

6.1 Stmmary of Current Avionics

Table 6-I lists the current avionics systems in the F-4G. Those that
are different from the F-4E configuration or unique to the F-4G are
annotated.

Systems unique to the F-4G are described in this section. The reader
is referred to the F-4E Configuration Data Summary for details of the
common avionics systems. The unique systems are the AN-APR-38 ECM System
and the AN/ASG-30 Computing Optical Sight.

Tables 6-2 and 6-3 list the available LRU data for the ECM System and
the Computing Optical Sight System, respectively. A detailed description
of the APR-38 system was not available for this report; however a mock
diagram of the APR-36 ECM system is presented in Figure 6-1.

Refer to Section 9 of this Hocument for avionics systems which can be
expected to exist on the F-4G in the 1984 time frame (some pending approval)
and replace many of those listed in Table 6-1.

6-1 / f7



Table 6-1. PRINCIPAL AVIONICS SYSTEMS CURRENTLY (
INSTALLED ON THE F-4G AIRCRAFT

Flight Control ASA-32( )

Flight Director Computer TBD (Same as non-ARN-101
equipped F-4E aircraft)

Air Data Computer CPK-92/A24G-34

Attitude Reference Bombing Computer AJB-7

Fire Control APQ-120(V) with Digital
Scan Converter Group Display

Flight Data Recording TBD (Same as F-4E)

Inertial Navigation ASN-63

Integrated Electronic Central ASQ-19A w/KIT-1A, KIR-lA
IFF CRYPTO

Intercommunications F.
UHF Communications
Automatic Direction Finding
TACAN
IFF

Computing Optical Sight ASG-30*

Navigation Computer ASN-46A

Radar Altimeter APN-155

Radar Beacon SST-181X or UPN-25

IFF Interrogator APX-80A

Speech Security KY-28

Weapons Release Computer ASQ-91

Radar Receiving Set (RHAW) APR-38**

ILS/VOR ARN-127

Countermeasure Dispenser ALE-40

Data Recording Cameras KB-18A or KB-25A

Electronic Countermeasures Pods ALQ-119(V)-12, -14

Armament

Missile Launching System For AIM-7, -9 and AGM-45, -65A

Multiple Weapons System For conventional stores

Special Weapons Monitor Nuclear Stores Consent Switch
and DCU-94/A.

Centerline Weapons Release AERO-27A, or BRU-5/A

*Differs from F-4E.
"**Unique to F-4G.
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7. ANTENNA LOCATIONS

Figure 7-1 shows the approximate location of the antennas on the F-4G.
Antenna nomenclature from current technical orders is as follows:

Antenna Nomenclature

1. Radar AS-3083/APQ-120(V)

2. ADF AS-909A/ARA-48

3. Lower TACAN IIC21400

4. Lower UHF Comm. AS-1611/A

5. IFF 2285-1

6. Radar Altimeter AS-1386/AS-1442

7. Upper TACAN 11C21400

8. APR-38 Low Band AS-3119/APR-38

9. VOR/ILS Glide Slope DMN9-5

10. AN/APX-SOA IFF AS-2072/APQ-120

11. APR-38 High Band AS-3121/APR-38

12. APR-38 Special Warning (Lower) AS-3122/APR-38

13. Upper UHF Comm. AS-1611/A

14. APR-38 Low Band AS-3119/APR-38

15. APR-38 Mid Band AS-3120/APR-38

16. APR-38 Special Warning (Upper) AS-3122/APR-38

7-1
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8. INTERFACE DATA

This section contains examples of interface signal characteristics.
These data were extracted from applicable sections of the Interface Control
Drawings (ICDs) for integration of GPS user equipment in the F-4G aircraft.
Each sheet discusses a particular signal. The top line contains the signal
name, type of signal (digital, analog, descrete, or synchronous), its signal
source and load, and whether the signal is an input or output of the GPS
user equipment. A functional description follows, as well as a description
of the signal's characteristics.
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAM TYPE 1/O M TO

Bearing Synchro 0 UE PilOt'S HSI'&

Functional Description

Provides angular information to the bearing pointer* to display relative
bearing of the aircraft's present position to selected waypoint.

'Note: No. I pointer on BONI

Signal Characteristics

ACCURACY 4l

INDEX REFERENCE: Aircraft Heading
POSITIVE DIRECTION SENSE: Increasing Bearing
SCALE FACTOR: 10 . 1I
RESOLUTION: + 2.50 (HSI); 1.250 (BDHI)

Electrical Characteristics (continued on next page)
LOAD: 1) Pilot's HSI (AF/A24J-1). 3-Wire Synchro, Bendix Type EP AY-500-5or equal

2) WSO's BH! (ID-663( )/U), 3-Wire Synchro, Type 26V-l:.X4. or equal

SOURCE: (TBD-1)

Interconnection Uata

Wire Type & No.: Twisted Pair (X,Y)

Wire Size; No. 22 AWG

Note: "Z' tied to ground

A/C: F-4G
WEF: MIL-I-22075

MIL-H-27269 
- - - - 2-IF-4E-2-14A DGP-2

-. ja I'" 10-?
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ELECTRICAL CHARACTERISTICS

LOAD I LOAD 2

HSI (AF/A24J-1), Bearing Pointer. 3-Wire BDHI (ID-663()/U). Synchro. Type
Synchro. Bendix Type AY-500-5 or equal 26V-I1TX4 or equal

ROTOR

Input Voltage 26 Volts Input Voltage 26 Volts
Frequency 400 Cycles Input Current 242 ma
Input Current -- ma Input Power .87 Watts
Input Power Watts Transformation Ratio .454
Resistance (DC) 530 Ohms Sensitivity 206 o mvIde

Phase Shift 4 lead
Impedance, Zro 14.9 J j106 Ohm

STATOR Impedance, Zso 760 J j4540 Ohm

Input Voltage 11.8 Volts
Input Current 20 ma
Input Power 0.090 Watts
Resistance (DC) 188 Ohms
Rotor Output Voltage 19 Volts
Phase Shift (S to R) 15 Degrees
Accuracy (Max) 15 Minutes
Null Voltage (Max) 50 mv

IMPEDANCE

Zso 222 + J470 Ohms
Zro 940 + J2260 Ohms
Zrss 1050 J j450 Ohms

A ICD-GPS-020
8-3nSV" 1 3
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 Fno" TO

Distance. Units Synchro 0 UE Plot'S SI &

Functional Description

Provides angular information to rotate the units digit in the range window.Displays aircraft present position distance to selected waypoint In inm incruients
(O.Sm indexed). Driven independently of other digits, but reed in conjunction
With them in order to provide the least significant digit.

Signal Characteristics

RANGE: o to9 LOOto360o)
ACCURACY: + .6
INDEX REFERFNCE: 0
POSITIVE DIRECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 3 1 nunmral
RESOLUTION: + 9%

Electrical Characteristics (continued on next page)

LOAD: 1) Pilots HSI (AF/AZ4J-1). 3-Wire Synchro. Clifton Type CRC-8-A-l
or e"ual

2) WSO's BDHI! ID-663( )/U, 3-Wire Synchro, Type 26V-11TX4 or equal

SOURCE: (T1D-7)

Interconnection Uats

Wire Type A No.: Twisted Pair (X.Y)

Wire Size: No. 22 AWG

Note; "Z" leg tied to ground

A/C: F-4G
kEF: MIL-I-22075 _ _ _ _ _

MIL-H-27269 to "no""
IF-4E-2-14 A IC O-GPS-020

u-- ,Iu--i0-4
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ELECTRICAl. CHARACTERISTICS

LOAD I LOAD 2

HSI (AF/A24J-1), Distance Display, 3-Wirt B9HI (ID-663( )/U), Synchro. Type
Synchro, Clifton Type CRC-8-A-1 or equal 26V.lITX4 or equal

Primary Winding Rotor input Voltage 26 Volts
Primary Voltage (400 Hz) 26 Volts Input Current 242 ma
Secondary Voltage 11.8 Volts Input Power .87 Watts
Input Current 100 01 Transformation Ratio .454
Input Power .54 Watts Sensitivity 20 a mv/de

Accuracy 30 feet Phase Shift 4 load
Impedance, Zro 54 + J260 Ohms Impedance. Zro 14.9 + JI06 Ohms
Impedance, Zso 12 4 .45 Ohfs Impedance, Zso 760 + J4540 Ohms

Rotor DC Resistance 37 Ohms
Stator DC Resistance 12 Othms
Phase Shift 8.5 Degrees

Al "ICD-GPS-00o
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O FROM TO

Pilot's HSI &
Distance, tens Synchro 0 UE PiO's HSON!

Functional Description

Provides angular information to rotate the tens digit in the range window.
Displays aircraft present position distance to selected waypoint In 1Om incre-
ments. Driven independently of other distance digits but read in 3njunction
with them.

Signal Characteristics

RANGE: 0 to 9 (go to 3600)
ACCURACY: * 3.6
INDEX REFERENCE: 0
POSITIVE DIRECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 36-) - 1 nuneral
RESOLUTION: +90

E'ectrical Characteristics (coninued on page 10-5)

LOAD: 1) Pilot's HSI (AF/A24J-l). 3-Wire Synchro, Clifton Type CRC-8-A-l
or equal

2) WSO's BDHI (ID-663C )/U), 3-Wire Synchro. Type 26V-IITX4 or equal

SOURCE: (MD-1)

Interconnection Iata

Wire Type A No.: Twisted Pair (XY)

Wire Size: No. 22 AWG

Note: "Z" leg tied to ground

A/C: F-4G
kEF. MIL-I-22075

NIL-H-27269
IF-4E-2-1 ICO-GPS-020

Iu~~ ~ '1-6

8-6



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NUM TYPE 1/0 FROM TO

Pilot's HSI &Distance, hundreds Synchro 0 UE WSO's BDHs

Functional Description

Provides angular information to rotate the hundreds digit in the ringe
Window. Displays aircraft present position distance to the selected waypoint in
100r3 increments. Driven indetendently of the other distance digits, but read
in conjunction aith them in order to provide the most significant digit for the
distance value.

Signal Characteristics

RANGE: 0 to N9 0 to 3600)
ACCURACY: +.
INDEX REFERENCE: 0
POSITIVE DIRECTIOg SENSE: To decreasing values (distance to go)
SCALE FACTOR: 3 1 numeralRESOLUTION: _9

Electrical Characteristics (continued on page 10-5)

LOAD: 1) Pilot's NSl (AF/A24J-l). 3-Wire Synchro, Clifton Type CRC-8-A-l
or equal

2) WSO's B3OT (I-663( )/U), 3-Uirte Synchro, Type 26V-1lTX4 or equal

SOURCE: (TDD-1)

Interc,)nnecti on Uata

Wire Type & No.: Twisted Pair (X,Y)

Wirt Size: No. 22 AWG

Note: Z"" leg tied to ground

A/C: F-4G
kEF: MIL-1-22075

IL-I-27269 N
IF-4E-2-14 [ACD-lF-o20

I114 .. 10-7

8-7



(9>

INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Pilot's HSIDistance Flag Discrete 0 UE WSO's BON!

Functional Description

Provides a discrete signal to operate the distance warning flag. The flag
is normally out of view when the range indicator is operating and the range
data is valid. The flag covers the range indicator when the distance Information
is not valid or the device supplying the distance data is not operating.

Signal Characteristics

RANGE: 28 Vd: appliled, Flag out-of-view
28 Vdc not applied, Flag-in-view

Electrical Characteristics
LOAD: 1) Pilot's HSI (AF/A24J.I), Distance shutter mechanism.

28 Vdc, 15ima Max.

2) gSO's BDHI (ID-663' )/U). Distance stutter mechanisr,
28 Vdc, 150ma max.

SOURCE: (TBD-11

Interconnection Uata

Wire Type & No.: Two Single Conductors

Wire Size: No. 22 AWG

A/C: F-4G

REF: MIL-I-22075

MIL-H-27269
1F-4E-2-14 ICD-GPS-020

8-8L
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL ANME TYPE I/0 FROM TO

Pilot's HSI
Thousand Digit Discrete 0 UE WSO1$ BONI

Functional Description

Provides a discrete output signal to operate the thousand digit shutter of
the HSI when the distance to a selected waypolnt Is greater than 999 nautical
miles.

Sional Characteristics

RANGE: 28 Vdc applied, thousand digit in-view
28 Vdc not applied, thousand dIgit out-of-view

ElectrIcal Characteristics

LOAD: 1) Pilot's HSI (AF/A24J-1), Distance 1000 digit shutter, 28 Vdc.
150 ma (Max)

2) WSO's BDH! (ID-663( )/U). Distance 1000 digit shutter. 28 Vdc,
150 ma (Max)

SOURCE: TSD-1

Interconnection Uata

WIRE TYPE A NO.: Two Single Conductors
WIRE SIZE: No. 22 AWG

A/C: F-4G
nEF: MIL-I-22075

MIL-I4-27269 -S. -
IF-4E-2-14 ICD-GPS-020

8-9
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O FROM TO

To-From Analog 0 UE Pilot's KS]FDC

Functional Description

Provides a d.c. analog signal to drive the To-From indicator. If the
aircraft is flying toward the waypoint and has nct intercepted a reference
line perpendicular to the aircraft ground track and through the waypoint.
the indication will be TO. Once past the waypoint reference line, the
indication will be FROM, as long as the same waypcint is selected.

Sitnal Characteristics

RANGE: TO - +225 pa Max
BLANK - no signal
FROP' , -225 we Max

Electrical Charecteristics

LOAD: 1) Pilot's HSI (AF/A24J-1). To-From Arrow Meter movement,
150 - 250 Ohms

SOURCE: (TBD-i)

Interconnection Uata

Wire Type & No.:

Wire Size: No. 22 AWG

A/C: F-4G
kEF: MIL-N-27269

lF-4E-2-14A
Al " " ICD-GPS-020
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INTERFACE SIGNAL CHARACTERISTICS

SIG14AL NAME TYPE !/0 FROM TO

Pilot's HSIHorizontal Deviation Analog 0 UI FDC

Functional Description

Provides a variable d.c. signal that indicates the displacement of the aircraft
to the left or right of a selected course. The displacement represented by the
Indicating aevice will be controlled by UE software and will be dependent upon air-
craft flight phase. Deflection of the indicating device may represent angular dis-
placement (e.g., 10c for a TACAN approach: 2.50 for ILS) or distance. For an area
navigation system, the Area N¢avigation Subcomnmittee has recormended the following
ranges for the flight modes indicated: a) Enroute: 2-6 miles full scale, b) Terminal
1-2 miles full scale and c) Approach: 600-3000 feet full scale. Choice of presenta-
tion (distance/degrees) and scales are (TOD-I).

Signal Characteristics

RANGE: 0 to + 150 ua
RESOLUTION: 7 us
ACCURACY: + 12 ua
INDEX REFERrNCE: Selected Course
POSITIVE DIRECTION SENSE: Fly right (+)
SCALE FACTOR: 75 wa/dot on the HSI

Distance/angular displacement scale factor (T1D-1)

Electrical Characteristics

LOAD: 1) Pilot's HSI (AF/f24J-I), course bar mechanism,
Input Impedance: 1000 Ohms + 3%
Input Current (Max): 500 ua

2) Flight Director Computer (CPU-82/A)
Input Impedance: 1000 Ohms +3%
Input Current (Max): 500 ua-

SOURCE: (T0D-l)

Interconnection Uata

WIRE TYPE & NO.: Two Single Conductors

WIRE SIZE: No. 22 AWG

A/C: F-4G
mEF: MIL-H-27269

IF-4E-2-14 -
ARINC Characteristic 582-5 I CD-GPS-020

•' I"¥ ''i l " 10-l1
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Horizontal Deviation Discrete 0 UE FDC
Flag

Functional Descrition

Provides a discrete signal to operate the vertical director warning
flag of the ADI when the deviation data is unreliable or a malfunction has
occurred in the horizontal deviation circuitry.

Signal Characteristics

RANGE: Flag in view, input current <245 ua
Flag out-of-view. input current >245 ua

Electrical Characteristics

LOAD: Flight Director Computer (CPU-82/A)
Input Impedance: 1000 Ohms +3%.
Input Current (Max): 380 ua

SOURCE: (TOD-i)

Inte-connection Data

WIRE TYPE & NO.: Two Single Conductors
WIRE SIZE: No. 22 AWG

A/C: F-4G
,qF: MIL-I-27619 i -- - ,

lF-E-217A ICO-GPS-020

]*IVy I~ 10-121
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Vertical Deviation Analog 0 UE FDC

Functional Description
Provides a variable d.c. signal that indicates the diSplacrient of the aircraft

above or below a desired flight path. The displacement represented by the indicating
device will be controlled by UE software and will be dependent upon aircraft flight
pha*e. Deflection of the indicating device may represent angular displacement (e.g.,
0.5 for ILS) or distance. For an area navigation system.. the Area Navigation
Sub:ommittee of the Air Transport Association's Air Traffic Control Committee has
recommended the following ranges for the flight modes indicated: a) Enroute: 200 t(
2000 feet full scale, b) Terminal: 60-200 feet full scale and c) Approach: 40-100
feet full scale. Choice of presentation (distance/degrees) and scales are (TBD-l).

Signal Characteristics

RANGE: 0 to 10 ma
RESOLUTION: 0 C.1 ma
ACCURACY: 4 7.5%
INDEX REFERrNCE: Desired flight path
POSITIVE DIRECTION SENSE: Fly down (+)
SCALE FACTOR: 2.51 ma/inch deflection on the indicator

Distance/angular displacement scale factor (TBD-1)

Electrical Characteristics

LOAD: Flight Director Computer (CPU-82/A)
Input Impedance: 1000 Ohms +3%
Input Current (Max): 13.5 ME

Interconnection Uata

WIRE TYPE & NO.: Two Single Conductors
WIRE SIZE: No. 22 AWG

A/C: F-46
4F: MIL-I-27619

IF-4E-2-17 A C-P02ARINC Characteristics 582--

. ii"10-13
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INTERFACE SIGNAL CHARACTERISTICS

S IGNAL NAME TYPE 1/0 FROM TO
Varti ca I U

Deviation Flag Discrete 0 UE FDC

Functional Description

Provides a discrete sig.nal to the FDC to advise when the UE- vertical
deviation signal is not reliable.

Signal Characteristics

RANGE: Flg In view, input current <245 um
Flag out-of-vie-. input current >245 ua

Electrical Characteristics

LOAD: Flight Director Computer (CPU-82/A)
Input Impedance: 1000 Ohms +3%
Input Current (Max): 380 ua-

SOURCE:

Interconnection Usta

Wire Type i No.: Two Single Conductors

Wire Size: No. 22 AWG

A/C: F-4G
REF: MIL-1-27619

Inv I 10-14

8-14
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO
AN/AMN-i101

Digital Output Dinta Digital 0 UE (Future Nod)

Functional Descriotion

Provides the following digital data to update the INS and to aid in navi-
gation/bofting solutions:

1i Latitude 5) Covariances
Longitude 6) Time
3 Altitude 7 Display Data

4) Velocities (Vx, Vy, Vz)

Signal Characteristics

(TBD-3)

Electrical Crhara:teristitcs

(T1D-3)

Interconnection Uata

(TBD-3)

A/C: F-4G
kEF: ___ __ ___ __ _ _

Bi- 15 10-15
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL4J NAME TYPE 1/0 FROM TO

Magne~tic Heading Synchro I ARKS3 UE

IFIunctionael Descriti:t4on

Provides angular reference signal of a:rcraft heading relative to magnetic
north.

Signal Characteristics

RANGE: Do to 3600
ACCURACY: * 0.50
INDEX REFERINCE: Magnetic North
POSITIVE DIRECTI2N SENSE: Nose Right
SCALE FACTOR: 1" . 1v
RESOLUTION: (TBD-1)

Electrical Characteristics (continued on next page)

SOURCE: 1) ARBCS, Compass Adapter Compensator (ADK-l82/AZ4G-lA); Synchro.
Bendix Type EP AY-500-5 or equal

LOAD: (TBO-1)

Interconnection Uata

Wire Type & No.: Two Conductors (XY)

Wire Size: No. 22 AWG

Note: "Z" leg tied to ground

A/C: F-4G
iEF: IF-4E-2-17 ....

MIL-C-2648

WAl
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ELECTRICAL CHARACTERISTICS

SOURCE,

Synchro, Bendix Type EP AY-5O0-S or equal

Rotor

Input Voltage 26 Volts
Frequency 400 Cycles
Input Current -. ma
Input Power-- Watts
Resistance (0C) 530 Otm

Stator

Input Vol lage 11.8 Volts
Input Current 20 ma
Input Power 0.090 Watts
Resistance (DC) 188 Ohms
Rotor Output Voltage 19 Volts
Phase Shift (S to R) 15 Degrees
Accuracy (max) 15 MInutes
Null voltage (Max) 50 my

Impedarlce

Zso 222 * J470 Ohms
Zro 940 + J2260 Ohms
Zrss 1050 ÷ J450 Ohms

A I I ICD-GPS-020
8 .- ! 7.-.,10-17
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Pitch Synchro I ARBCS UE

Functional Description

Provides a synchro signai representing aircraft pitch attitude to the UE.

tignal Characteristics

RANGE: 0 to 360.

ACCURACY: '.0
INDEX REFERrNCE: O0 Pitch
POSITIVE DIRECTION SENSE: Nose up
SCALE FACTOR: 10 - 10
RESOLUTION: (TBD-1)

Electrical Characteristics

SOURCE: ARBCS, Displacement Gyroscope Assembly (SBK-8/A24G-lA). Synchro
Bendix Type AY-SO0-5 or equal (see page 10-17 for synchro
characteristics)

LOAD: (T1D-1)

Interconnection Uata

WIQE TYPE I NO.: Twisted Triad
WIRE SIZE: No. Z2 AWG

A/C: F-4G
xEF: MIL-C-26485

AF4 -21 ICD-GPS-020
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INTERFACE SIGNAL CHARACTERISTICS

SM!NAL UIK TYPE I/0 FROM TO

Roll Synchro ARSCS UE

Functional Description

Provides & synchro signal representing aircraft roll attitude to the UE.

Signal Characteristics

RANGE: 0 to 3600
ACCURACY: + 0.50
INDEX REFERPNCE: 00 Roll
POSITIVE DIRECTION SENSE: Right Wing Don
SCALE FACTOR: 10 - 10
RESOLUTION: (TBD-l)

Electrical Characteristics

SOURCE: ARMCS, Displacement Gyroscope Assenbly (SBK-8/A24G-lA),
Synchro, Bendix Tyep AY-500-5, or equal (see page 10-17 for
synchro characteristics)

LOAD: (TB0-1)

Interconnection Data

WIRE TYPE & NO.: Twisted Traid
WIRE SIZE: No. 22 AWG

A/C: F-AC
kEF: MIL-C-26485

1F-4E-2-17 JC-PS-020
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

True Airspeed Synchro I Air Data Computer UE

Functional Description

Provides an Input of true air speed in synchro format.

Signal Characteristics

RANGE: 150 - 1500 knots
ACCURACY: (TBD-2)
INDEX REFERENCE: (TBD-2)
POSITIVE DIRECTION SENSE: Increasing air speed
SCALE FACTOR: (TBO-2)

Electrical Characteristics

SOURCE: Air Data Computer (CPK-92/A24G-34), Synchro. Type (T0D-2)

LOAD: (TBD-1)

Interconnecti on Uata

Wirt Type & No.: Twisted Triad

Wirt Size: No. 22 AUG

A/C: F-4G
REF: T.O. IF-4E-2-12 E

A ICD-GPS-020

/

/
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAM• TYPE I/O FROM TO

Barometric Altitude SIynchro I ltitude Encoder Unit UE

Functional Description

Provides an input of pressure altitude in synchro fotmat for use by the
system when operating with less than full navigation capability.

Signal Characteristics

RANGE: -1000 to 80,000 feet
ACCURACY: + 0.05 inch Hg and + 0.2, indication
INDEX REFERINCE: 0 Feet (29.97 inches of mercury)
SCALE FACTOR: 360/1000 feet
POSITIVE DIRECTION SENSE: Up-perpendicular to horizontal earth plane
RESOLUTION: 0.01 inch Hg

Electrical Cha-acteristics

SOURCE: Altitude Encoder Unit (CVK-99/A24G)

LOAD: (T1B-1)

Interconnection Uata

Wire Type & No.: Twisted Triad

Wire Size: No, 22 AWG

A/C: F-4G
k.F: 1F-4E-2-12 - -- o-

A ICD-GPS-020
-10-21
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INTERFACE SIGNAL CHARACVRISTICS

SIGNAL NAK TYPE 1/O FROM TO

Course Set Synchro I Pilot's 1pS! UE

Functional Description

Provides an electrical reference signal fo the couse manually selected
by the course set control on the HSI. This signal will be used by the UE as
a reference for positioning the course deviation and To-From indicators on
the HSI.

Signal Characteristics

RANGE: 0o to 360o
ACCURACY * 0.5
RESOLUTIOn>: + 1.00
INDEX REFERENM: Magnetic North
POSITIVE OIRECTION SENSE: Right Hand Increments
SCALE FACTOR: 1' - 10

Electrical Characteriýstics (continued on next page)

SOURCE: HSI (AF/A24J-l). Course Resolver. Bendix Type EP AY221-5-B. or equal

LOAD: (T1D-1)

Interconnection Uata

WIRE TYPE & NO.: Seven conductors; one twisted, shielded pair and five
single conductors

WIRE SIZE: No. 22 AWG

A/C: F-4G
ALF: MIL-H-27269

IF-4E-2-14IC-P02

I". g" I-" 10-22

B-22



ELECTRICAL CHARACTERISTICS

SOURCE

HSI (AF/A24J-1). Course Resolver, Bendix
Type EP AY-221-5-8, or equal

Input Winding Rotor
Input Voltage 26 Vac, 400 Hz
Input Current 12 ma
Input Power 100 Mw
Impedance, Zso 700 + J2100 Ohms
Rotor Resistance (DC) 400 Ohms
Output Voltage 17.2 Volts
Accuracy 20 Minutes

(max.)
Phase Shift 10 Degrees

8IM23GPS020

8-23
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL. NAE TYPE I/O FROM TO

Digital Input ouats Digital I AN/ARN-l01 UE
* ,,(Future PMod)

" Functional Description

Provides the U[ with the following digital data to aid in acquiring
satellites and improving AJ capabilities:

Iý Latitude 5) Others (TBD-3)2) Long1irude

3) Velocities (Vx. Vy. Vz)
4) Covariances

Signal Characteristics

(TBD-3)

Electrical Characteristics

(T'D-3)

Interconnection Uata

(TBD-3)

A/C: F-4G

nLF: -"
AI ,, ICO-GPS- 02o

I- j~tv 17"1024
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAM[ TYPE 1/0 FROM TO

Blanking Pulses Pulse I IFF UE

Functional Oescription

Provides blanking pulses (suppression) to blank the GPS UE receiver when the
IFF is transmitting.

Signal Characteristics

(TSD-2)

Electrical Characteristics

SOURCE: IFF. Coder-Receiver Transmitter (KY-532A/ASQ)

LOAD: (TBD-1)

Interconnection DUat

WIRE TYPE & NO.: Coaxial Cable, Type (TBD-2)

A/C: F-4G
kEF: 1F-4E-?-14 _ __ _

ICD4PS-O2O

8-25
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( 9. FUTURE MODIFICATIONS

9.1 On-Going and Near-Term Modifications

Table 9-1 lists some of the known on-going or near-term F-4G modifi-
cations not previously addressed herein. Some of the modifications (e.g.,
the installation of the ARC-164 UHF Radio and the ARN-118 TACAN Set) may
be incorporated shortly into the actual F-4E to F-4G conversion/production
modification process. If so, then only a limited number of F-4G produc-
tion aircraft completed previously would need a retrofit for these systems,
that could be accomplished at the operational squadron or wing location.

9.2 Future Planned Modifications

Table 9-2 lists some of the planned or tentative Class IV and V
modifications 'hat could impact an available spares if approved.

Table 9-1. ON-GOING/NEAR-TERM MODIFICATIONS

Terminology/Nomenclature Remarks

UHF Radio/ARC-164 Replaces appropriate UHF radio portion
of the ASQ-19 Integrated Electronic
Central. The RT-1145 transceiver unit
with associated mounting adapter (Magna-
vox #706521-801) replaces the RT-793A
unit. See the RF-4C and F-4E configur-
ation summaries, Section 11 for ARC-164
details.

TACAN Set/ARN-118 Replaces appropriate TACAN portion of the
ASQ-19 system including the RT-547 trans-
ceiver and the KY-312 pulse decoder. See
the F-4E and RF-4C data summaries for
details.

ECM Mission Recorder Mounting provisions are provided as part
of the APR-38 installation. The unit is
not yet in production.

Navigation System An improved navigation system will most
likely be installed in the F-4G. However,
the candidate has yet to be selected from
among several contenders, including the
ARN-101 and the AJQ-25 systems. Details
of the ARN-101 are contained in the F-4E
Data Summary, Section 11.5.

(continued)
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Table 9-1. (continued)

Terminology/Nomenclature Remarks

Airborne Video Tape Recorder This forward cockpit console mounted unit
will provide capability to video tape
information presented on radar and E/O
displays.

AGM-65A Maverick Capability Already part of the F-4G production modi-
fication cycle, this mod provides AGM-65A
missile carriage and launch capability and
the Digial Scan Converter to the F-4G. An
improved TV display for the APQ-120 Fire
Control Radar System is included

Table 9-2. PLANNED MODIFICATIONS

Terminology/Nomenclature Remarks

VHF AM/FM Radio/ARC-186 Provides VHF AM and FM voice or data com-
munications capability.

Intercommunications Set/ Possible replacement of ASQ-19 intercom
AIC-18 with separate system.

Global Positioning System Highly accurate, three-dimensional, space
located, world-wide, position-fixing
system.

Vinson/KY-58 Replacement for Parkhill/KY-28 Secure
System. I

APR-38 Enhancement Program Expansion of curr~t.t ECM Receiving System
(Wild Weasel) Capability. This is not
completely formulated/approved as yet.

JI I S Time Division Multiple Access to the
Communicating System

,/
:i
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10. DATA SOt ICES

The followizig sour ces of data were used in preparing this summary:

Aircraft and avionics configuration data assembled by API11C
Research, Ir-Incipa6ly in th.-z form of copies of applicable sections,
tables, and zigure• from the aircraft and equipment Technical
Orders listed aL th. end of this section

Avionics Planning Aaseline Document - October 1978

McDunne±l Rerrt 8738: Environmental Design Requirements and Test
Procedures - Aircraft Electronic Equilment, 5 April 1962, Rev.
1 July 1964.

Information suppli.A by Ogden ALC

ARINC Re~e -rch Inzormal Report: Technical Report, Preliminary
JTIDS Conf. ,urati. n Data Analyses, May 1978

,Lr.vcntory of Technical Orders

T.O. Number Sube:t Change Date

Number

1'-4G-1 Fl.qht Manual 9/15/78

lF-4C--2-l A" xcraft General 12/15/77

IF-4G-2-22 z;ystem Integration 1/15/78

IF-4G-501 Group ; Installation for APR-38 1 1/20/77

1F-4G-600 F-4E to F-46 C,)nversion

Including Group A Installation Final Draft
for APR-38 Copy

10-1
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.
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1. INTRODUCTION

This document contains configuration data relevant to the integration
of additional avionics into the F-15A aircraft.

This document will be periodically revised as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP

Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable technical orders are included in the references listed
in Section 10.
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2. COCIPTIT SPACE

There is a :vjiab.e for controls within the F-15A cockpit (Fig,'Izes
2-1, 2-2, and 2-3). On the right console there is a single blank panel
approximately 1.91" x 5.75". On the left console there are five blank
panels. The total amount of space available is 12.1" x 5.75"; with proper
alterations, most of thi3 space can be utilized.

2-1A 3est Available Copy



MAuI PANEL AREA
1. FIRE WARNING/EXTINGUISHING PANEL 24. CABIN PRESSURE ALTIMETER
2. VERTICAL SITUATION DISPLAY (VSD) 25. CAUTION LIGHTS PANEL
3. RADIO CALL PANEL 26. EMERGENCY VENT CONTROL HAIMOLE
4. AIR REFUELING READY LIGHT 27. CIRCUIT BREAKER PANELS

4A. LOCK/SHOOT LIGHTS (SOME AIRCRAFT) 28. COCKPIT COOLING AND PRESSURIZATION OUTLET
5. HEAD UP DISPLAY COMBINING GLASS 29. STANDBY AIRSPEED INDICATOR
5. MASTER CAUTION LIGHT 30. STANDBY ATTITUDE INDICATOR
7. MAIN COMMUNICATIONS CONTROL PANEL 31. STANDBY ALTIM'~fER

I. HEAD UP DISPLAY CONTROL PANEL32RUDRPDLDJSREESK0
9. GUN SIGHT CAMERA CONTROL PANEL 33. MASTER MODE CONTROLS/MARKER BEACON PANEL

10. STANDBY MAGNETIC COMPASS 34. ATTITUDE DIRECTOR I•IDICATOR
11. TEWS DISPLAY UNIT 35. EMERGENCY JETTISON SWITCH
12. CANOPY UNLOCKED WARNING LIGIT 36. STEERING MODE PANEL
13. HYDRAULIC PRESSURE INDICATORS 37. HORIZONTAL SITUATION INDICATOR
14. ENGINE TACHOMETERS 38. EMERGENCY BRAKE/STEERING CONTROL HANDLE
15. ALTIMETER 39. ACCELEROMETER
16. FAN TURBINE INLET TEMPERATURE INDICATORS 4.0. ANGLE OF ATTACK INDICATOR
17. ENGINE OIL PRESSURE INDICATORS 41. AIRSPEED/MACH INDIC.ATOR
18. FUEL QUANTITY INDICATOR 42. ARMAMENT CONTROL PANEL
19. ENGINE FUEL FLOW INDICATORS 43. PITCH RATIO INDICATOR
20. VETRTICAL L LOCITY INDICATOR 44. PITCH RATIO SELECT SWITCH
21, EIGHT DAY C;LOCK 45. LANDING GEAR CONTROL HANDLE
22. ENGINE EXHAUST NOZZLE POSITION INDICATORS 46. FLAP POSITION INDICATOR
23. JET FUrL STARTER CONTROL HANDLE 47. EMERGENCY LANDING GEAR HANDLE

48. ARRESTING Hr,'OK CONTROL SWITCH

Figure 2-1. COCKPIT, MAIN INSTRUMENT PANEL, F-15A
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RIGHT CONSOLE WJLEA
1. OXYGEN REGULATOR
2. ECSPANEL
3, TEMPERATURE PANEL
4. CANOPY CONTROL HANDLE
5. INTERIOR LIGHTS CONTROL PANEL
6. TEWSPOO CONTROLPANEL
7 OXYGEN HOSE STOWAGE FITTING

8. BLANK
1. ENGINE START FUEL SWITCHES

I. UTILITY LIGHT
11. STOWAGE COMPARTMENT
12. OXYGEN/COMMUNICATION

OUTLET PANEL
13. COMPASS CONTROL PANEL

14. TEWS POWER CONTROL ?ANEL
15. NAVIGATION CONTROL PANEL 2
16. ENGINE CONTROL PANEL

16

15

13 8

129

Figure 2-2. COCKPIT, RIGHT CONSOLE AREA, F-15A
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WET ==I3 AME
1. ILSITACAN CONTROL PANEL
I CONTROL AUGMENTATION SYSTEM CONTOL PANEL

I BLANK
4THROTTHIEOUADRANT
& EXTERIOR LIGHTS CONTROL PANEL
0 INTEGRATED COMMUNICATIONS CONTROL PANEL
7. BLANK. (F); TAKE COMMANDACS CONTROL PANEL (TF)
L BLANK
I ANTI-B PANEL

I BOARDING STEPS POSTION INDICATOR
11. BANK
IL ARMAMENT SAFETY OVERRIDE SWITCH
11 GROUND POWER PANEL
14t BLANK _7
I EMERGENCY AIR REFUELING HANDLE
I IT PANEL
17. INTERROGATOR CONTROL PANEL
It IFF CONTROL PANEL 2
It IFF ANTENNA SELECT SWTCH2

1 TEWS PANEL 3
V. SEAT ADJUST SWTCH 23 24

RADAR CONTROL PANEL
U VMAX SWITCH
24 BLANK
21 FUEL CONTROL PANEL 4
21 MISCELLANEOUS CONTROL PANEL

27. CANOPY JEISON HANDLE

NOTE 0
E(F) 77-MEl AND UP:

(TF) 77-01N AND UP.

17

le 7

14 8

i 13

112

/ i
//

Figur6 2-3. COCKPIT, LEFT CONSOLE-AREA, F-15A
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3. AVIONICS SPACE

Currently there are 20.8 cubic feet of equipment space in the P-1 5Alocated in six different areas (Figure 3-1 and ýable 3-1). Table 3-1 lAstspossible spaces where new equipment may be installed. Some candidate avi-onids for these spares are listed also. With the tail area there are twolarge areas that will require coding. The irregular interior of the spacein Section B may complicate equipment installation.
Additional new avionics or ECPs (listed in Tables 5-1 and 9-1) thatare not already shown as candidates for the spaces shown in this sectionare not expected to have any impact on these spaces. A possible exceptionmay be SEEK TALK which is still in preliminary planning. The engine diag-nostics system listed in Table 5-1 is currently planned for aircraft F-105through F-I10 only.
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4. ELECTRICAL POWER

4.1 Main Power System

The main electrical power system is made up principally of two 40/50
kVA, 115 Vac, 3-phase, 400 Hz, constant-speed drive generators. These two
generators are connected in split-bus nonsychronous operation to supply the
essential and emergency/essential buses. This generating system consists
of the following:

* Integrated Drive Generator

0 Generator Control Unit

SCurrent Transformer Assembly

* Bus Tie Fuses

* Line Contactor

* GEN OUT Caution Light

4.2 Emergency Power Supply System

If the main power system breaks down, the emergency power system will,
provide ac and dc power to the essential loads of the aircraft. This system
will supply power to fuel control valves during engine start or shutdown.

The following components make up this system:

"* Emergency generator

" Emergency generator-hydraulic motor

"* Emergency generator/stabilator selector valve

"* Emergency generator control unit

" Engine control bus relay

"* Emergency/essential relay

"* Emergency/essential bus lock-in relay

"* Essential power control relay

"* Ac present relay

"* Essential ac contactor

"* Essential dc contactor

"• EMERG GEN switch

"• EMER GEN ON light

4.3 Power Conversion and Distribution System

This system supplies and distributes power to various aircraft systems,
converts 115 Vac 3-phase to 28 Vdc, and converts 115 Vac to 26 Vac. To

4-1



perform these operations, there is a need for a left, right, and essential (
115 Vac, 400 Hz, 3-phase bus system, and a low-voltage ac and dc bus system.
Normally the left and right buses are operated in a split-bus condition,
and the essential 115 Vac, 3-phase bus is powered from the left bus via
the deenergized contacts of the essential ac contactor.
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5. ENVIROINMENTAL CONTROL SYSTEM

5.1 General

The F-iSA Environmental Control System (ECS) employs a conventional
bootstrap air cycle that is augmented by a regenerative heat exchanger to
provide cooling air to the avionics and electrical equipment, as well as
to the cabin. A liquid cooling system is used to cool the radar transmitter.

5.2 Cabin Cooling

The Air-Cycle Air Conditioning System (ACACS) provides conditioned
air to both the cabin and the avionics; the cabin airflow requirements
have priority over the conditioned air required for avionics cooling. If
cabin cooling requirements cause a decrease in the avionics airflow, the
entire ACACS is automatically adjusted until the airflow requirements of
both the cabin and avionics can be satisfied the nominal airflow rate into
the cabin is 13 lb./min. with a maximum capability of 25 lb./min.

5.3 Avionics Cooling

The ECS is designed to provide sufficient cooling airflow to limit the
equipment bays' total mixed-air discharge temperature to a maximum of 1609F
with the Internal Countermeasures Set (ICS) "ON" or 140°F with the ICS "OFF".
The cooling airflow is provided to the various equipments by the ECS via
ducting. The desired airflow rates and temperature levels are controlled
by the avionics air circuit controller (AACC) which can manipulature hot
and cold air modulating valves to control airflow temperature.

The AACC is set to maintain the airflow temperature at 82.50F (±2.50)
at altitudes less than 34,500 feet and at 53 0 F (±30) at altitudes greater
than 34,500 feet. The two different airflow temperatures are used to avoid
moisture condensation in the avionics compartments at low altitudes and to
minimize bleed air requirements at high altitudes.

The total cooling airflow required is established by the iACC. The
actual airflow is controlled by a ground-selected schedule to provide the
flow rate necessary to maintain the equipment bay's total mixed-air dis-
charge temperature requirements of 160 0 F or 1400F. There are five such
flow-rate schedules. The specific schedule selected operates within
tolerence band rather than to a set curve. The flow-rate tolerence bands
vary within the five schedules from 63 to 90 lb./min. at 850F for Schedule
1 to 83 to 109 lb./min. at 85"F for Schedule 5. The AACC will maintain the
airflow nominal altitude-dependent temperatures of 82.50F or 530F as long
as the ECS has the capability to deliver air temperatures as low as the
control temperatures.

A liquid cooling system is used to cool the radar transmitter. The
present liquid cooling load is approximately 6,350 watts.
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5.4 Avionics Forced-Air Cooliag Power

The avionics cooling air allocations are illustrated in Table 5-1
Table 5-1 may be summarized as folows:

Installed Avionics Required Cooling Power - 19,828.4 watts
Approved ECPs Required Cooling Power - 4,999.0 watts
Pending ECPs Required Cooling Power - 496.0 watts
Equipment Provisions Required Cooling Power - 1,650.0 watts

Total Required Cooling Power 26,973.4 watts

Present F-15A Total Available Forced-Air - 25,394.4 watts
Cooling Power (Not including Aerodynamic
heating growth of 464 watts)

Deficit Cooling Power 1,579 watts

The present F-15A ECS capacity cannot meet the cooling requirements of the

planned equipment installations throughout the airplane operating envelope.

Approximately 1,050 watts of cooling power presently held in reserve may
be added to the available cooling power, which will reduce the deficit ito
529 watts. Additionally, an investigation is underway into changing the
airflow temperature and flow schedules. These changes have the possibility
of adding up to 7,000 watts of additional cooling power to the airplane.
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Table $-1. AVIONICS COLING-AIR ALL4CATIONS FOR F-iSA

Airflow at 850?

compartent Cooling Power (Lb./Min.)

(Watts) Ics 0. Ics Off..
Installed Avionics

fay 1 Laft 4,891.5 1S.462 21.085

Day I Right 2,281.1 7.211 9.833

may 2 Left 1,224.0 3.871 5.278

Say 2 Right 573.5 1.913 2.473

fay 3 Left 978.4 2.778 3.708

Day 3 Right 1,322.2 4.184 5.705

ICS Day (Aft cockpit - Bay 5) 7,849.0± 24.810±

1,046.Stt - 4.4910

Aft fays 460.2 1.475 1.987

Right Rear Cockpit 348.5 1.100 1.500

Subtotal 19,828.4 62.704 56.140

Approved Engineering Change Proposals

TE$S Threat Update 4.954 15.654 1.566#,##

CCP-120-ICS/.MR Bands
(ICS Bay)

Video Tape Recorder 45 0.142 0.194

ECP 1045 VTR
(Aft Day)

Subtotal 4,999 15.796 1.760

Pending Engineering Change Proposals

ECP mS 396 1.251 1.706

Engine Diagnostics System 100 I 0.316 0.431

Subtotal 496 1.567 2.137

Anticipated Additional Avionics

TISEO 950 3.002 4.094

IR Tail Warning 600 1.896 2.586

ALZ-40(V) Chaff Dispenser 100 0.316 0.431

Subtotal 1,650 5.214 7.1'1

Total 26,973.4 85.281 | 67.148

*Airflow reqiired to limit average total mixed air discharge
temperature to a maximum of 160*F.

**Airflow required to limit average total mixed air discharge
temperature to a miximum of 140"F.

lCooling power for ICS on.
,tCooling power for ICS in standby. Total cooling power based

on ICS on.
0Based on cooling power for ICS in standby. Included in ICS
off totals.

##Approximate value.
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6. CURRENT AVIONICS

Tables 6-1 through 6-22 contain LRU data relating to the P-15A avionics
systems that make up the current or near-term configuration. Where no
entries are shown, the data were not available for this report. Data per-
taining to future avionics modifications are presented in Section 9.

1
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7. ANTENNA LOCATIONS

Figure 7-1 shows the approximate location of the antennas on the F-15A.

The nomenclature for the antennas, as shown on the tigure, is as
follows:

Nomenclature or

Location Antenna Part Number

1 Radar/IFF AS-2712/APG

2 ADF Antenna AS-2701/ARD

3 Glide Slope/Localizer AS-2740/ARN

4 TACAN/UHF AS-2817/ARC

5 ILS Transmit AS-2903/ALQ-135

6 UHF/IFF AS-2817/ARC

7 Marker Beacon AS-2796/ARN

8 Radar Warning AS-2903/ALQ-135

9 'ICS Transmit AS-2903/ALQ-135

10 Upper TACAN AS-2799/ARN

11 UHF/IFF AS-2817/ARC

12 Radar Warning AS-2959/ALQ-128

"7-1
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8. INTERFACE DATA

This section contains examples of interface signal characteristics
and a description of the F-15A Multiplex bus requirements. These data
were extracted from applicable sections of the Interface Control Document
(ICD) for integration of GPS User Equipment in the F-15 aircraft.

Each signal characteristic sheet discusses a particular signal. The
top line contains the signal name, type of signal (digital, analog, dis-
crete, or synchronous), signal source and load, and whether the signal is
an input or output of the GPS user equipment. A functional description
follows, together with a description of the signal's characteristics.

The general requirements of the F-15A data bus, were originally
extracted from a report (H009) dated 12 March 1969 entitled F-15 Multiplex
Data Bus. A copy of the preliminary draft of that report is included in
this section, beginning on page 8-2.

1
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INTERFACE SIONAL CKAACTERISTICS

S I GNAL KNE TYPE I/0 TO

Bearing Digital 0 VE Flight Drector
Adpter

Functional Descripticn

Provides angular information, in digital format, of the r9lative bearing of
the aircraft's present Position to a selected waypoifnt. The relative bearing is
the difference, In degrees, between the lubber line ar the bearing pointer as
read from the convass card.

Signal Characteristics

WORD/FRAI•E STRUCTURE: Set Appendix I11, Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix II1, Paragrap 2.2.1
TIMING TOLERANCES: See Appendix III, Paragraph 3.2.1
DATA STANDARD: See Table IA, Itemi 1 and Appendix II. Paragraph 2.2.2

.lPctrical Characteristics

See Appendix 111, Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnection Data

See Appenoix III, Paragraph 4.0

A/C: F-15A
REF: T.O. IF-ISA-2-18

Report H009 -
1 C-P-1

S-oov II!' -' ino p
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INTERFACE SIGNAL CHARACAERISTICS

SIGNAL .A.qE TYPE 1/0 FRO TO

Distance 01igitao 0 UI Flight Director
Adapter

Functional Description

Provides the distance from the aircraft's present position to the next
selected wa'ypoint.

//

/' Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix 111, Paragraph 2.2
INFORMATION IDENTIFIEP: Set ppendix 111, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix 111, Paragraph 3.2.1
DATA STANDARD: Sea Table )A, Item 2 and Appendix 111. Paragraph 2.2.2

Electrical Characteri stics

See Appendix ITI. Paragraphs 3.2.2. 4.2.1. 4.2.2

Interconnection Data

See Appendix 111. Paragraph 4.0

A/C: F-ISA
REF: IF-1SA-2-18

Report 14009
ICD-6P5-Oll

,.,*.ooI, .0- 3
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O FROM TO

"Course Set Digital 0 Flight Director UE
I St Adapter

Fu nctiona1 Description

"Provides an electrical reference signal of the course amnmaly selected
"oy the Course Set Control or the HS!. Tmis signal will be used by the tIE
as a reference for positioning the course deviation and To-From indicators

cii the HSI.

Signal Cnaracterlstlcs

WORD/FRAME STRUCTURE: See Appendiy III, Paragraph 2.2
INFCRATION IDENTIFIER: See Appendix I11, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix III, Paragraph 3.2.1
DATA STANDARDS: See Taele IA, Item 3 and Appendix I11. Paragraph 2.2-2.

Electrical Characteristics

See Apoendlx II. Paragraphs 3.Z.2. 1.2.1. 4.2.2

Interconnection Date

See Appendix 1!I, Paragraph 4.0

A/C: F-ISA
REF: T.O. 1F-1SA-2-18

"Report H009"Ii - ya O

-E -' 10-4

1.T3
8-4



IMlIRFACE SIGNAL CKARACTE.RISTICS

SIGNAL NAME TYPE 0 FRIOIM TO

FumCtionsi Description
Provides a variable signal that indicates the dISPlacamant Of the Aircraft

to the left or right of a selected course. The displacement represented by th~e
indicating device will be controlled by LIE software and will be dependent upon

a ircraft flight phase. The indicating device may display angular disolacement
(e.g..100 for a TACNI approach: 2.50 for ILS) or distance, For an area navi-
gatic.n system, the Area Navlgztion Subcommittee of the Air Transport Associa-
tion's Air Traffir Control Commuittee has recomamnded the following ranges fo.
the flight modes indicated: (a) Enroute: 2-6 milles full scale, (b) Terminal:
1-2 miles full scale and (c) Approach: 600-3000 feet full scale. Choice of
Presentation (distance/degrees) and scales are TBD-3.

Stiw~l Characte-istirs
WORD/FRAME STRUCTURE! See Appendix 111. Paragraph 2.2
INFORMATION IDENTIFIER: 5ze Appendix 111. Paragraph 2.2.1
TIMING TOLERANdCES: See Appendix Ill. Paragraph 3.2.1
DATA STANDARD: See Table IA. Ittem 4 and Appendix 111, Paragraph 2.2.2

Electrical Characteristics

See Appendix III, Paragraphs 3.22., 4.2.1, 4.2.2

Interconnection Data

See Appendix 1 11 Paragraph 4.0

A/C-, F-iSA
REF: 7.0. IF-ISA-2-18__________________

Report M009
ICD.GPS-Oll

// IN

n Oa s/

V/

Prvie avrtba ina ha ndcte J•dspse~ft fth8-5tcrf

to te lft o riht f a eleted oure. he dsp•acemt rlprsentd b th

ini-igdvc /lb cnrle yU otae n ilb eedn o

atrceftfliht hase Th tntcstn9day~a m dtpll anglardtslacml/



INTERFACE SIGNAL CHARACTERISTICS

-.... SIGNAL KAM1 TYPE I/0 FRO TO

vertical Deviation Digital 0 iE fi1ght Director, ,: Adapter

Functional Descrition

Provides a variable signal that indicates the displacint of the aircraft
above or below a desired flight path. The displacemnt represented by the in-
dicating device will be Controlled by UE software and will be dependent upon
aircraft flight phase. The indicating device may display a&ular displacement
(e.g.. 0.50 for ILS) or distance. For an ares navigation system. the Area
Navigation Subcomiettee of the Air Transport Association's Air Traffice Control
Comel ttep his reconmnded the following rangeS for the flight modes indicated:
(a) Enroute: 200 to 2000 feet full scale, (b) Terminal: 60-200 feet full
scale and (c) Approach: 40-100 feet full scale. Choice of presentation
(distance/degrees) and scales are TBD-3.

Sional Characteristics

WORD/FRAJ STRUCTURE: See Appendix 11. Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix III, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix II. Paragraph 3.2.1
DATA STANDARD: Sea 'able IA, Item 5 and Appendix I11, Paragraph 2.2.2

Electrical Characteristics

4 •See Appendix III. Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnection Data

See Appendix III. Paragraph 4.0

A/C: F-ISA
REF: T.O. IF-1SA-2-18

Report M009 - -

S.... --

-7- o-1

Sill" la • |7-5

L8-6

S.•7 J"



INTERFACE SIGNAL CHARACTERISTICS

S SIGNAL UAKC TYPE 1/O FROM TO

To- Fmr Digital 0 UE Flight Director
Adapter

Fwu:tional Description

Provides a digital signal which indicates direction aircraft is flying
in relation to the selected waypoint. If the aircraft is flyicg toard the
waypoint and has not intercepted a reference line perpendicular to the aircraft
ground track and through the WYPoint, the indication will be To. Once past
the waypoint reference line, the indication will be From, as long as the sam
waypoint IS selected.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix Ill. Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix 111. Paregraph 2.2.1
TIMING TOLERANCES: See Appendix 111, Paragraph 3.2.1
DATA STANDARD: Logic 1 - Frm

Lngic 0 a To

Electrical Characteristics

See Appendix III. Paragraphs 3.2.2, 4.2.1, 4.2.2

"Interconnection ODta

See Appendix 11, Paragraph 4.0

A/C: F-ISA
REF: T.O. IF-ISA-2-18

Report lOOgS.... ::GPS 01
.. , v10-7

B-7

- .. ... .



INTERFACE SIGNAL CHARA•CTERISTICS

S...,S IGNAL KAME TYPE 1/0 FrROM TO

Distance Flag Digital 0 UE Flight Director

Discrete Adapter

Functional Description

Provides a digital discrete signal to the Flight Director Adapter to
operate the HSI distance warning flag. The flag is normally out of view
when the range Indicator Is operating and the range data is valid. The flag
covers the range indicator when the distance informtion is not valid or
the device supplying the distance data is not operating.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix III, Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix II, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix II, Paragraph 3.2.1
DATA STANDARD: Logic 1 • Valid

Logic 0 a Invalid

Electrical Characteristics

See Appendix I11, Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnection Data

See Appendix III, Paragraph 4.0

A/C: F-15A
REF: T.O. 1F-15A-2-18

Report 009A PS-O

I- J"" I -* 1-8

8-8
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INTERFACE SIN"l. CHARACTERISTICS

SIGNAL NAIE TYPE I/0 F TO

Moritzontl Digital 0 UE Flight Director
Deviation Flag Discrete Adapter

Functional Description

Provides a digital discrete siqnal to the Flight Director Adapter to
operate the HSI and ADI deviation warning flags or circuits whei, the deviation
data is unrtliable or a Malfunction has occurred in the course deviation
c ircuitry.

Signal Characteristics

.ORD/rRA*E STRUCTURE: See Appendix 111, Paragraph 2.2
INFO•MATION IDENTIFIER: See Appendix 111, Parlgraph 2.2.1
TIMING TOLERANCES: See Appendix II1, Paragraph 3.2.1
DATA STANDARZ: Logic 1 - Valid

Logic 0 - Invalid

Electrical Characteristics

See Appendix 111. Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnecti on Data

See Appendix I1I. Paragraph 4.0

A/C: F-ISA
REF: 1.0. IF-ISA-2-18

Report OO4 o t I rp-i

*7f
B-9
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INTERFACE SIGNAL CKARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

vertical Deviation IDigital 0 UE Flight Director
Flag Discrete Adapter

Functional Description

Provides a digital dis!rete signal to the Flight Director to advise
the ADl when the UE vertical deviation signal is not reliable.

Signal Cha~acteristics

WORD/FRAME STRUCTURE: See Appendix 1I1. Paragraph 2.2
INFORAATIDN IDENTIFIER: Ste Appendix 111, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix 111, Paragraph 3.2.1
DATA STANDARD: Logic 1I,- Valid

Logic 0 m Invalid

Electrical Characteristics

See Appendix 111, Paragraphs 3.2.?, 4.2.1. 4.2.2

Interconnection Data

See Appendix Ill, Paragraph 4.0

A/C: F-15A
REF: T.O. IFISA-2-18

Raeort H009 I - -- - - I

8~-10



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Latitude Digital 0 UE FI ight Director
Adapter

Functional Description

Provides present position latitude in digital formt to Flight Director
Adapter for transfer tO the Central Computer.

Signal Characteristics

iORD/FRANE STRUCTURE: See Appendix III, Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix I11, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix III, Paragraph 3.2.1
DATA STANDARD: See Table IA, Item 6 and Appendix 1I1, Paragraph 2.2.2

Electrical Characteh'istics

See Appendix III. Paragraphs 3.2.2. 4.2.1, 4.2.2

Interconnection Data

See Appendix II1, Paragraph 4.0

A/C: F-15A
REF: T.O. IF-15A-2-18

Report 009 l
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL tNME TYPE I/O FROM TO

Longitude Digital 0 LIE Flight Director
Adapter

Functional Description

Provides present position longitude in digital format to the Flight
Director Adapter for transfer to the Central Computer.

Sional Characteristics

JORD/FRAME STRUCTURE; See Appendix 1I1, Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix III. Paragraph 2.2.1
TIMING TOLERANCES: See Appendix 1I1. Paragraph 3.2.1
DATA STANDARD: See Table IA, Item 7 and Appendix 111. Paragraph 2.2.2

Electrical Characteristics

See Appendix III, Paragraph: 3.2.2, 4.2.1, 4.2.2

Interconnection Data

See Appendix II, Paragraph 4.0

A/C: F-ISA
REF: T.O. )F-1SA-2-18

Report 09 IHI0--*,0

lue, --'- 10 o12
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INTERFACE SIGNAL CHARACTERISTICS

SI%,AL KA.E TYPE %/0 FRWI TO

North-South Digital 0 LE Flight Director
Velocity Adaptor

Functional Description

Provides north-south velocity in digital format to the Flight Director
Adapter for transfer to the Central Computer.

Signal Characteristics

WORD/FP'AJME STRUCTURE: See Appendix III, Paragraph 2.2
INFOWATION IDENTIFIER: See Appendix 1I1. Paragraph 2.2.1
TIMING TOLERANCES: See Appendix III, Paragraph 3.2.1
DATA STANDARD: See Table IA. Item 8 and Appendix III. Paragraph 2.2.2

Electrical Characterlstics

See Appendix li1, Paragraphs 3.2.2. 4.2.1, 4.2.2

Interconnection Data

See Appendix III, Paragraph 4.0

A/C: F-ISA
REF: T.O. 1F-l5A-2-18

Report H009 A CDGS0
Al ICDGPS-011

,' I T-, 10-13
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O 9RC' TO

East-West Digital 0 LIE Flight Director
Velocity Adapter

Functional Description

Provides east-west velocity in digital format to the Flight Director
Adapter for transfer to the Central Computer.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix III, Paragraph 2.2
INFORMATION IDENTIFIER: See Appendix II1, Paragraph 2.?.1
TIMING TOLERANCES: See Appendix ill. Paragraph 3.2.1
DATA STANDARD: See Table IA, Item 9 and Appendix I11, Paragraph 2.2.2

Electrical nharacteristics

See Apperndix I1I. Paragraphs 3.2.2, 4.2.1. 4.2.2

Interconnection Data

See Appendix II1, Paragraph 4.0

A/C: F-ISA
REF: T.O. IF-ISA-2-18

Report M009 - - -

A ICD-GPS-011
Iv T-7 10F-14
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INTERFACE SIGNA. CKARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Vertical Velocity Digital 0 UE F)ght DirectorI Adapter

Functional Description

Provites vertical velocity in digital format to -the Flight Director
Adapter for transfer to the Central Ccoputer.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix 1I1. paragraph 2.2
INFOF•'ION IDEtNTIFIER: See Appendix III. Paragraph 2.2.1
TIMING TOLERANCES: See Appendix Ill, Paragraph 3.2.1
DATA STANDARD: See Table IA, Itma 10 and Appendix I11, ParsaraDh 2.2.2

Electrical Characteristics

See Appendix I11, Paragraphs 3.2.2. 4.2.1. 4.2.2

Interconnection Data

See Appendix III, Paragraph 4.0

A/C: F-ISA
REF: T.Q. IF-1SA-2-18

Report H009-

.A .. ICD-GPS-olo
,-' 1-, Iu-"~ 10-1 _
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INTERFACE SIGNAL. CHARACTERISTICS

S I QKAL NAME TYPE I1/ FROM TO

BIT Acknowledge Discrete 0 UE SIT Control Panel

Functional Description "

Discrete is sent to BIT Control Panel during the time the UE Is in a
BIT routine as a result of receiving a BIT Initiate discrete (see page 1G-32).
from tre SIT Control Panel.

Signal Character'stics

TBD-2

Electrical Characteristics

TOD-2

Interconnection Data

TBD-2

A/C: F-ISA
REF: T.O. IF-ISA-2.17

T.O. IF-ISA-2-18
AI CD-6R -0 11
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V (INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NME TYPE 1/0 FROM TO

Antenna Fail Discrete 0 UE Avionics Status

SI Panel

Functional Description

An Antenna Fail discrete is sent to the Avionics Status Panel when a UE
antenna failure is detected by UE BITE circuits after a BIT Initiate discrete
is received from the BIT Control Panel (see page 10-32).

Signal Characteristics

TBD-2

Electrical Characteristics

TB-2

Interconnection Data

110-2

A/C: F-iSA
REF: T.O. 1F-ISA-2-17 awn

T.O. IF-ISA-2-18A C-#ol

Iu~ juw ln..11
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

Preamplifier Fail Discrete 0 UE Aviontcs Status
Panel

Functional Description

A Preafpliiaer Fail discrete Is sent to the Avionics Status Panel wheu
a UE preaiplifier failure is detected by UE BITE circuits after a BIT
Initiate discrete is received from the BIT Control Panel (see page 10-32).

Signal Characteristics

TBD-2

Electrical Characteristics

TBD-2

Interconnection Data

TBD-Z

A/C: F-15A
REF: T.U. IF-15A-2-17

T.O. IF-ISA-2-18
A ~ICO-GPS-I0l:

- - ,, 10-18
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL ANME TYPE 1/0 FROM TO

Rec:eiver i-iI Discrete a UE Avionics Status
Panel

Recivem11Disret Im
Functional Description

A Receiver Fail discrete* is sent to the Avionics Status Panel when a
UE receiver failure is detected by UE BITE circuits after a BIT Initiate
discrete is received from the BIT Control Psnel (sea page lU-3U).

*A separate discrete will be provided for each receiver LRU.

Signal Characteristics

110-2

Electrical Characteristics

Interconnection Data

T80-2

A/C: F-15A
REF: T.U. 1F-15A-e-17

T.O. IF-ISA-2-18

8-C9-GPS-011

-i-1 Iv p -
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INTERFACE SIGNAL CHARACTERISTMCS

SIGRAL. MAIW TYPE I/0 FRM To

COU/NCI Fail Discrete 0 UE Avionics Status
I Panel

Functional Description

A COLD/NCI F4il discrete is sent to the Avionics Status Panel when a
CDU/NCI failure is detected by UE BITE circuites after a BIT Initiate discrete
is received from the SIT Control Panel (see pasge 10-32).

Signal Characteristics

TBD-2

Electrical Characteristics

TUD-2

Interconnection Oata

TB0-2

A/C: F-15A
REF: T.O. lF-ISA-2-17

T.O. IF-ISA-2-8-2
A; ICO-GAS-Ol I
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

BPS No-Go Discrete 0 UE BIT Control Panel

Functional Oescription

A GPS No-Go discrete Is sent to the BIT Control Panel when a GPS UE
failure is detected by UC BITE circuitry after receipt of a BIT Initiate
discrete from the BIT Control Panel (see page 10-32).

SiTgnl Characteristics

TSO-2

Electrical Characteristics

TOD-2

Interconnection Data

TBO-2

A/C: F-ISA
AEF: T.O. IF-15A-2-17

8-21



INTERFACE SIGNAL CHAQACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Magnetic Heading Digitl I Flight Director
Adapter U

Functionul Description

Provides nagnetic heading in digital formiat to the GPS UE.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix 1i1, Paragrapo 2.2
INFORMATION IDENTIFIER: See Appendix II, Paragraph 2.2.1
TIMING TOLERANCES: See Appendix III. Para;raph 3.2.1
DATA STANDARD: See Table IA, Itew I1 and Appendix III. Paraqraph 2.2.2

Electrical Characteristics

See Appendix I, Farararahs 3.2.2, 1.2.- 4.2.2

Interconnection Data

See Appendix I;!, Paragraph 4.)

A/C: F-iSA
REF: T O IF- ISA-2-18 . .

Report H00~9 --- I -I CD-F.PS-011
jwv "'m l '10-2?
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INTERFACE SIGMA CHARACTERISTICS

SIGNAL NAME TYPE Ito FROM TO

Truje Air Speed Digital I Flight Director UE
Adapter

Provtioldesctriotair speed In digital format to the WS UE.

Signal Characteristics

WORD!FkAME STRUCTURE: Set Appendix 111, Paragraph 2.2
INFOWATICH IDENTIFIER: See Appendix 111, Paragraph 2.2.1
TIMING TOLERANCES: Sot Appendix 111. Paragraph 3.2.1
DATA STANDARD: See Table IA. Item' 12 and Appendix 111. Paragraph 2.2.2

Electrical Characteristics

See Appendix 111, Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnection Data

See Appendix III, Paragr~ph 4.0

A/C: A-ISA
RIF: T.O. IF-ISA-2-18

Report "009 A

//

pi

6 8-23



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Blanking Pulse Pulse I Blanker IE

Functional Description

The blanking pulse blocks the input to the UE prealtllfier when other
selected equipments, such as IFF. are transmitting.

S19al ýC~ha~rlcttristics

SI AL TYPE: Positive Pulse
AMPLITUDE: 0 to -40 volts
FREQUENCY RANGZ: 20.000 PPS (max.)
DUTY CYCLE: 1S% (max.)
LOGIC ONE LEVEL LUPDRESSION): +20 to +40 volts
LOGIC ZERO (NON-SUPPRESSION): 0 +0.5 volts
START TIME: See next page
STOP TIME: See next page

Electrical Characteristics

SOURCE: IFF (AN/ADX-1O1). Receiver-Transmitter
RT-1063B/ADP-l-l(V), R - 100 Ors + 10%

LOAD: 300 to 2.200 Ohms shunted Di 1850 Pf

Interconnection Data

WIRE TYPE: RG-SBC/U Coaxial Cable

A/C: F-ISA
REF:

A- IC4-G 10-2
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL UK TYPE 1/0 FROM TO

Blanking Puls SoP ls nter'fe rence
(continued) Pulse Blanker

Signal Characteristics (continued)

START TIME: The suppression pulse shall rise to 7.5 volts minimum
at least 0.5 usec but not mort than 3.0 usec before the RF
output pulse hf- reached 10% of its amplitude. For auxiliary
trigger and Modu 4 replies, the pulse shall rise to 7.5 volts
minimum less than 0.5 usac before the RF output pulse has
reached 10. of Its amplitude. Maximum rse time (10-90%)
shall be 0.5 usec.

STOP TIME: The suppression pulse shall be less than 1.0 volt, 3.0 usec
after the 10% amplitude point of the trailIng edge of the
last RF framing pulse of the reply pulse traln or after the
10% amplitude poit.t of the trailing edge of each RF output
pulse resulting from the auxiliary trigger input.

A/C: F-lSA
itEF:

!CD-GPS-O'I8-I2 "

8-25 .• ¥



INTERFACE SIGNAL CHARACTZRISTICS

SIGNAL NAME TYPE 1/0 FRO TO

laromietric Altitude Digital I Flight Director UE

Provdes e tic atitue I digtalformat to the GPS U1.

I

Sional Characteristics

WORD/FRAIE STRUCTURE: Sea Appendix 111. Paragraph •T.
INFSFiATION IDENTIFIER: Set Appendix 111, Paragraph 2.2.1
TIMING TOLERANCES: :et Appendix III, Paragraph 3.2.1
D'TA STANDARD: Ste Table IA. Item 13 and Aopedix 11t . Paragraph 2.2.2

Electrical Characteristics

See Appendix 111, Paragraphs 3.2.2. 4.2.1. 4.2.2

Interconnection Data

See Appendix 1I1. Paragraph 4.0

A/C:. F-ISA
REF: T.0. IF-1SA-2-18

Report Moog
[A~ I ICO-GPS-011

-10-26
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INTERFAC.E SIGNAL CHARACTERISTICS

SIGNAL NAM TYPE I/O T TO

Pitch Digital I Flight Director U,
Adapter

Functional Description

Provides pitch in digital format to the GPS UE.

Signal Characteristics/i

DRD/FRA•E STRUrTURE: See Appendix III. Paragraph 2.2
INFORMATION IDENTIFIER: Set Appendix I11. Paragraph 2.2.1
TIMING TOLERANCES: Set Appendix I1, Paragraph 3.2.1
DATA STANDARD: See Table IA. Item 14 and Appendix I11, Paragraph 2.2.2

Electrical Characteristics

See Appendix I11, Paragraphs 3.2.2. 4.2.1. 4.2.2

InteorconnerCiioo Data

See Appendix i11. Paragraph 4.0

A/C: -It-5AREF: T.O. 11F*ISA-2-18

8-27 9



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/O FROM TO
matil l Digital I Flight Director UE

a Adapter

Functionail Description

Provides roiotIn digital format to the GPS UE.

Signal Chraracteristics

ORD/FPRAE STRUCTURE: Set Appendix 111, Paragraph 2.2
INFOR4ATION IDENTIFIER: See Appendix I11. Paragraph 2.2.1
TIMING TOLERANCES: See Appendix III, Paragraph 3.2.1
DATA STANDARD: See Table IA, Itam 15 and 9ppendix 111, Paragraph 2.2.2

Electrical Character stics

Sea Appendix 1ii. Paragraphs 3.2.2. 4.2.1, 4.2.2

Interconnection Data

See Appendix I11, Paragraph 4.0

A/C: F-ISAREF: T.O. IF-ISA-2-18

i.aport H09 M~-

Al " ICD-GPS-01l1

(
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INTERFACE SIGNA. CKArMCTERISTICS

/
S.IGNAL UAK4 TYPE I/0 FROM TO

True heading Digital I Flight Director UE
Adapter

Functional Description

Provides true heading in digital format to the GPS UE.

Signal Characteristics

WORD/FRAME STRUCTURE: See Appendix 111, Paragraph 2.2
INFORMATION IDENTIFIER: See Appemdix 111. Paragraph 2.2.1
TIMING TOLEP.NCES: See Appendix I11. Paragraph 3.2.1
DATA STANDARD: See Table IA, Item 16 and Appendix I!. Paragraph 2.2.2

Electrical Characteristics

See Appendix II1, Paragraphs 3.2.2, 4.2.1, 4.2.2

Interconnection Data

Set Appendix III, Paragraph 4.0

A/C: F.15A
REF! T.O. IF-ISA-2-1_

Report M-oog -ICD -,PS-l
I~V }~10=-29
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This opo~tcw~t-9- uciic..t~-,cr datilz-4j the mUtd,&rd inter~ace

botien the cor~t!-z ==-nter ccpo~1.x wid cjsoc.'zcl.t rer;ihrai equdT.-eit V1.

miatiplsz bu~os to be used .ni the F-13 Avion±a "ytem.

Attach~imat A of Appendix III
I CD-UPS-Oi1
Reproduced from "M00.
12 March 1969. F-15
Pu~tiplex Data BUS
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This report defines the operat•ng characteristics and standard format for

maltiplexed dgital data traxsmiz:ion betveen the Central Comupter Cceplex

(P.S. 6870060) and associated peripheral units in the 7-15 avionics systn.

Included are detail perfor•--ae requirements of standard Interface iclts requir•,d

to tr-z-t, receive and procoss the zctIplexed d~igital data. Detall contents

of the standard digital, words will be as defined by the in~ut/output disg.tal datk

table contained in individ-a"l jrociuenen, specifications for specific sub-systez

coaponents affected.

30-7
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2.0 o:: u C

2.1 Gener'~a - Di~ital datu nzr..c~itzlo betvaen p@:r.pheiL~l saionic zyslem

coponent: e-d th~e Central Ccc~uter Cc=lcc. (CCC) shall be in a ord acricl* Uti

serial time division =Iipltx M2-0) format over szondard buses. M3. tranz-

mission of standard messaCes shall be aceo-.lsihed usinC half duplex (two way

tranSLissio0., bu.t not siti.av..eous) operation controlled by the CCC. A

ectinuou, s7ste.• ti-.Ing reference (c.lock) sipLa. oricizatl=in in the CCC, szrh..L

be distrib.:.ted to al! rnaltiplax terzinsals In the peripherals to allov. tit

synchrcnous data transzesssioz. Two identiv:.. trans"ission Uines (ane data line

&ad one clock line) shall uonstit..te a multiplex bus. Two raltl;lsz buses,

providing system selectable standby redundancy, will be routed to each peripheral.

Interfacing units vill be connected to the buses in parallel (party line) fasb-u;

therefore, al units connected to a bus vill see al data an the bus.

2.2 Standard lessave ocd W.d .--=a% - All date trnns•::ted over multiplex buses

interfacing vat.- the CCC shal be transmltted as standard messages. A standerd

nesaage sba.l be composed of a "Select" word originating In the CCC and one or

more (15 maxima•) "Data" words transmitted to or fren a sCirle peripheral. All

select words and data words shall be co•posed of 17 bits: 16 bits of Irfora-tion

(bits 0 through 15) plus a 17th (bit 16) bit proridicc odd "ones" parityf. See

Figure 1.

The content and detail format of al messages. select words, ,and data wordn

will be specified in the input/output digital da'a table for the reated periphern.

2.2.1 Select Words - Select words shall be used to initiate all data exchanges

(messages) and shall or•ginate cnly in the CCC. A select word shall provide one

of three functions; request data transmission frem a peripheral, comand a

periphcraM to take scoe action nther than to trnn"rlt data, or identify date to be

tron•mittcd from the CCC to a peripheral. A select word shoall be ceiposed of

three sepnrnte flp~do; a four bit equirment adrcco field (bit, 0 throurh 3),3(.!

/

•"• .... •8-35



a ringle bit cc-=und indcator (bit 4), a six bit control field (bit: 5 throuC•h

10). a sina. bit M ind.icatcr (bit 11), and a four bit woid to-1t field

(tits 12 throu&h 15). The l7th bit (bit 16) provides odd "ones" parity.

The equip-ent ad&d-es field shall contain a unique code identifying the 1=it

on the but to which the co==Icti=ons are being directed. Tie csand indicator

identifies whether It is a emns:-d or dta& meissae. 7he cootro.. field shau

identify -he data to be treansn-tted by the CCC c- by a periperal follcmin;

the select vord, or for a cemmand message, the co•end vhich causes the

peripheral to take some action other than transmit data. tie c-and indicattor

(bit 4 in the select vord) shall be a logical "one" if the select vord Is a

oamLad vthich retuires no speciftc data from a peripebral except to aoy-.-owelde

receipt of the cocmand. Bit 11 in the selact vord shall be a transait/recelve

CT/A) iuad~cat.r via ~ "44C" IZJ:Lti.= tht ~ ~ r~ , '~

data vord(s), or a logical "zero" indicating the computer will trsam=nt the data

vod(s). Tohe vword count field shell specify the number of data vords to follow

the select vord by a four bit binary number (LS3 a bit 15) in bits 12 through 15.

It the select vord Is a coand the T/A bit shall be a logical "one" and the

vord cotut shall equal coe.

Select words shal allvays be preceded by a no-data period (no siasls

on the data transmission I.ne) equal to or greater than 8 periods of the

refeornce clocX sipia. This no-data period shall identity the word following

as a select word and the start of a message (see Figure 1). lit 0 shale be

transmitted first and parity (bit i6) transmitted last.

3050
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2.2.2 Dtc %:o.'r! - ata• Vord-: ,sha.l or•iCncte cither in the CCC c? a peripheral

umit and ccntain the dLta idc.ti.ied by the control field of the select word.

If the control field of the tc•lec-' word identifies a block of data, indi'.dual

vords vithin the block shall be identified b/ their relative positio in the

-ossaCe, L. .. word n--zber one follw.s the se-lect ward in the serial bit

stre•a, and vord nuber tvo folloas word A-ber one, etc. All data wards

reg•rdless of content shall be cc--'•sed of a 16 bit data field (bits 0 %hrou•h

15) plus a 17th bit (bit 16) ;ovidIng odd "ones" parity. 1he content and

format of a l data vords shall Ie approved by MC. The general rules for

"data word for-atting follow.

If the select vcrd indicates a command message. the peripheral shall

acknovledge receipt of the cmmnd by trmansitting out data word which is

If the select word ind.cates a data message, the peripheral shrll

transmit or receive the data words. In general, each data vord sha&l contain

only one nuerical pasraeter. The numerical vlue of the paraaeter shall. be

represented us"-& a true binary/tvo's c€-leznt notation. 7he moet

sigificant bit tMB) (bit 0) shell be troansitted first with the remaining less

sigificant bits (bits 1 throug 15) following in descending order of their

value. The n=ber of bits used to define the numeric shall be consistent

with the resolution or accuracy required. If more than 16 bits are necessary

to achieve the required resolution or accuracy, the less significant bits

which cannot be included in the 16 bit word shell be transmitted as a part of

the next data word in the message, starting at the beginning of the word with

the rem-.inin; less sic•ificant bits following in descending order of their

30-10
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vluae. It less than 16 bt luare req"red, the unused bit petitions shi"l Le

trannitted as logical "C" bits mless discrete bits are to be included in the

word according to the ;cund rul•s established in a later para•ra•h ot this

Aection. ý t L

The binary value oftnumerical dta word shall be capable of ranging

troi (-) WUA to (-) )W. Each bit in the word transmitted as a logical *"" shall.

have a sip and value associated vith it. The in (bit 0) shall have the sign

of C-) and the value of (YAX) and each bit rolloving shall have the sigp of (+)

and the value of MU./ 2 n, where n is the bit number; thus, bit 1 has the value

(4)ax/21. bit 2 bas the value (C) W/X/2 2, etc. Toa acnangular quantities, MAX

shall be an exact power of two (i.e.. YAX-2 . where I is an integer) In the units

of the parameter. For angular quantities vh'.ch require the full 360" angular

razge, such a& b"oti .. .. v..ua 1W* (I.c., tbe =.m-..-

reage shall be -2800 to +1800). For angular ranges less than + 180%, MAX shall

have the value 18 /2 . vwhere I is an Integer chosen such that the bizar7 data

word Is capable of representing the entire range of the parameter. In al cases,

the MS ham the sip and value of (-KAX) vith each subsequent bit having the sign

aid value of (+M4AX/2 n), where n is the bit number.

Discrete functions, i.e.. data funetions vhich can assme only one or two

states (Csuch as an OIl-OTF)'shall be transmitted as single discrete bite within a

data word, or as ecabirations of single discrete bits vhich represent a uniquely

recognizable co€e or straight binary number. Discrete functions directly related

to en individual numeric pemeter such as special "validity bits*, or w'de defflni

tion functions for the parameter shall be included in the word with the numarical

value of the parameter If unused bit positions are available. Other mnrelated

discretes shall be tornutted into a epocial "discrete ruetion" data word unleos

the total qunntity of theoe discretes In the message is such thr.t they all can b2

38,-
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Inciud'd in th uAu•cd portion of me data voad. if the qluantit7 of uznzelated

discretes in the meclage Is greater than 16 or ame multiple of 16. and the

remeining bits can all be ecwined in the unused portion of one data Vord

they may be *packed" into that ward. In aiy only we data word carrying

Suerical paramter In an %eseee ean inclue unrelated discretes.

Malti-position svitch tun-1.ace, i.e., data representing one out of a switch

psoeitions, shall. in general, be bintru entcoed such that the numer of bits used

to represent the switch poit.''a shall be the smallest value of 2ý, ftere I Is an

Integer.

In amry, the sbove formatting rules for data vwrs awe general guidelines.

Detailed frmats for speci•ct subsyttes input/output s•alls vwil be contained In

the individual procurm•mnt specifications for the subsystem end wre Ii subj¶ect

to Mia~l '4VAn'a;::l

Jr.
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2.3 Bu: ('e.--rol . Tho CCC w±ll select which of the data buses will U uzed for (.

data tr:-%s1.sc:io and i.*ill .. Itate a data cxchange by triasmttint the &•rc:ri-

ate select word over the selected bus. 2o per!pheral shoL. be required to re:vc.v.

or tranazit over aore than one bJ sat a tice. Data words trarJnstted by the C.C

shal. be tr.:i=-l.ted sn the ssae bus as the Initiatinc select word. Perephertl

vnitu shall transmit or accept the data dfiined by the select vord over the a".-e

bus which carried the telect vwrd end the clock signal. Uhac a b's is shut CoIMD,

either because it has faled or because it is a back up bus, the data lire and

clock line are disabled by the CCC. All ter-A-nals operating from a bus that is

ahutdown d.-ring oeratlon sh.ll resynichronize their terminal daa proceessin

fmnctioac regardless of their operating mode, either transmitting or receiviLg.

2.3.1 Data ?ranigmssictr ron Perft'erals - A periphtr~l shall transmit only after

the receipt of a valid select word requiring data transrissioan and only vhen it Is

operating norzally and is capable of inititaing the data word exactly 5 clock

periods after receipt of the last bit of the select word, or after trans=attirig

the last bit of the previous data vword. A valid select word requiring data trans-

mission from a peripheral shll moeest the follovwog criteria.

a) A no-data period equal to or greater than 8 clock periods shell have been

detected on the data transaission line prior to receipt of the first bit of

the select word.

b) The code represented by the address field tbits 0 through 3) shall copae to

the address code preset in the peripheral unit.

c) The code represented by the control field (bits 5 through 10) shall be recog-

nised as one of the data word or cocinend word codes assigned to the peripherul.

30:.13
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d) he TVA bit (bit 11) sh.zll be a lgic "one".

e) 7he parity bit (bit 16' -.hal.l produce &% odd "ones" count.

f) No data dropouts sh.c.ll Acre occured during the 17 clock periods imcdlately

tollowing the star-. of the select word.

2.3.2 Dat&. Acceuc~tr~ B!. c PCP9,rers&Z - A peripheral shall accept data only

atter the receipt of a valid select word Indicatin; data to be trsnsmitte.

by the CCC to the •er;h*eraL. The validating criteria 'or a select word ditect-

ing a p~ripher#Ll to accept data thaLU be the sem as that directing tranvxissi=,

ezcept that the T/I bit shall be a logical "zero".

a a parity error or •.;o.•t is detected by tbe peripheral durn; reception

of a data word, Uat verd shall be invalidated.

2.3.3 Data Aceota.n:ce 3B.yv CCC - It no data word is detected by the CCC free

a 1reiphetral ! dloe" e9-iwme aft- -. :n:f a select word ruin;a

response (i.e., a request for data or a cs-,nd) the CCC vill internally agl a

no response condition. This no-resporse conditi•o Indicates that one of the

following conditions exists:

a) 2he peripheral failed to recogize the select word as valid due to a siUlol

dropout., a transmission error, or a momentary nalftuction producing a parity

error.

b) The peripheral was not "perating normally and was mable %a reply within

the required 5 clock periods.

c) The counications link between the CCC and the peripheral has failed.

d) The peripheral has failed.

When a no-response condition is recoini:ed "oy the CO'C after ý clock periods,

the CCC no, at the option of the proC:en,-, reintteero;Lte the peripheral

by retrans-ictinC the same select vorl after the required 8 clock

periods of "no data". The computer my also, at the program option, switch

{ . 3/o
8-41



//

to U#* et.niby b=. m nmp.oa, t.he •.trrogLtion rro:ass, or Ignon th, no

rc:Pcn':e eolldit'on and go om.Q

It a parity err'.or o rcdpout i dA•tect.ed tI the CCC during the reception of

a dts voard, the CCC =7 reluest a rtpeat trans-'zti=i over the asm bus or

over the back-up bus by rWtrLD-,tt-Li tbhe *elsce vord .fter the required

8 clock perods c.1 "no date".

.-- 1s
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3.0 sxc•:'.t ;'.• •;:;--C":: -" :•.-:-;-'-,

3.1 )0.jitlyjp -%- - A zult.;Iex but hell bte c-posed of tvo trar-clision linez.

One line carries the I :Mz clock reference s1ial froe a master =6ti;lcx 97ctte

clock in the CCC to all terln•-i a ot •e bus =nd the other line carries digitLI

data signals. at a I Megabit rate to and fr= -.be CCC^-Z/C =nd the pe-ri;hercLI unit

terr±n.ls. All terminal u.nits on a single bus v.ll be connected to the trans-

nission lines eo=;risin; that bus in parallel, suet that the physical ranoal of

the unit fro. the line vill not Interrupt the co-I.Injuty of the lines. Trans-

mission lines shall be driven and te-r-.lrted i- a balanced to ground conf. tra.ior.

to z.in-ize the effects of ground place noise. -transmission line shields vill be

prounded at each terminal.

Two redundant wmltiplex buses () trens- ±sion lines total) vill Interface Wit'

each -t4lheral unit.

3.1.1 T1rrs•-issien Line nar8ac rstecs The transuistion line used for data end

reference clock signal transz.ssion shall be of shielded tWisted psir construction

having a characteristic L-pedance of approxizately 68 ohms. Th. shielded tr•ised

pair shall have a line to line capacitance of leos than 30 pf per foot and a line

to ground capacitance of less tnan 50 pf per foot.

3.2 Bi'nLI Chtracteristics

3.2.1 1oference C~ok Sicnal - The clock signa1 shall be a bipolar differential
6.'..

sizeso0dal asignal at a continal frequency of 1 13tz ±1 Long term variations

shall not exceed 10' of the nominal frequency. The positive going zero cressing

shall define the start of a Clock peried. Short term variations. I.e. cycle to

cycle variations In the clock period, shall not exceed 5 nanoseconds.

The reference clock cignal shall be Cencreted and tranefsitted by the CCC :/0

to all multiplex terminal on Iija buses. All terminal• P hLl receive the cloch sign

via the clock receiver In the terminal unit. The clock signal transmitter ohfll

30-16
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have t saze characteristi.cs as those specified fto the tra.sit ma4e of the

recelmvr/r'snsitter eace;-.' te =o avitceIng cl.elity (see pas.elph L.2).

Te clock tr o=Ittcr sbs" be trans-itiz= the referneq alOCA signal Vbenever

a particualar -uialezU bus ;as been enables by the CCL.

3.2.2 DStS t3n1Ll - 2ae data uipLas shall be bipolar differftiSl slowl- Which

We "bi-phase level: coded and s8nthed. 7Ae henmonic coteft sball b. liamted

suach that frequency componeats at 2.5 )Mz ad above wre at least - 24 Db trot-

erncod to the paeck a•pltu.. of the signal) and cpocets ISV ie f•equitft b•nd

0.5 to 1.5 ) M are essentially u.."ftected. A logical 'ome" (date bit one) shall

be transmitted as a cded bipolar 1,0 signal, i.e. a Veitie gon puls.e follovcd

by a negative ing pualse resulting in a signal vhch Is in Shae with the

reference clock signal. A logical "zero' (data bit zero) shall be týrensaitted as

a eled b!pcl-x 0.1 eu.'.'I .4 f*a.* %-_ ~s t t Z7 rOatitve

Iong pulse resolting in a signal vhich is 1800 out of base with the reference

clock sipn&! (see Figure 2). No signals shall be generated an te bo'ata Lin*

Ouwlig the intervals betveen vords (no-Itta peri"od).
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The stantrd =ultiplex ter.in-al shell be inc?.-pcrated as an Inte;rza pa•r of

each equipmcnt Il'z scrvlced and shall provide an Interface betvcen the standcad

xiplez bus and the Ligital circuit-y of the cenpcent se-viced.

The •unctier.: pceformed by the mualtiplex terminala i the receive =ode shL

Ue to accept stand'rd fos.t- data • nd clock signals frem the ult-1pli.x bus, to

detect and decode the incc-in; data usitj the incc.in; systee clock si;ncl as a

reference, to convert the dete to signals vhic, are cenpatihbl vwth the subsystem

cemponent logic, and to generate the control sinals necessary to supply the

incaing data to the peripheral service, vith proper identification.

The functions performed by the multiplex term'inal In the transmit mode shall

be to accept signals from the subsystem co•ponent logic, to convert these signcls

to the standard tra.smission format using the incoming clock signal as a refer-

once, and to transmit these si9=als al the proper time.

The multiplex termInals shall in:lude a data receiver/transnitter, a clock

reee.ver, data presence detection circuit.ry, and the necessa-y logic to prc-ide

control signals to intere:t select vords and regulate the cperution of the

trminal unit. The terminal units shall be designed such that to sr•;le component

failure in a terminal, except the coupllcg transformer, degrades the transmission

line or rceults in uvwanted data traneno•sions. Redundant portions of the ter-

minal sha.ll be sufficiently isolated so that a fallure of one trsnzmission line

does not degrade the performance of the o.her bus coupled to the unit.

I.l Clock Receive, - -7he clock receiver shall be coupled to the clock signal

tran=iesion line through a transformer vith grounded center taps. The coupling

tran-former shall have a narrov pass band which rejects nois at frequencies

above and beloy the clock signal frequeney, but peaset the clock signal vIth

30-18
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miniwm=attenrntion an, Phaz: d± to'rtion. The 1=;oudL.%c* reflected onto the

tiansalsion line :thrcCh the coupling tra-.for=e. shall be 10.002 or Srrktt r

line to line, shall be essentially retictive, and shUl be balanced to grou.nd to

vithin 1%. These impedance require2ents shall apply even when trizal pc•e..r is

off. The clock reeiver shall produce sigals tuitable for use in the tormina-1

and for transferring data to the digital equipment in the interfacing ulit. The

clock receiver shall operate with iput signal amplitudes in the rang of

volt to 1 7 volts peak. line-to-ground (t 2 volts to t 14 volts peak line-to-l-.e)

MAn *hall be capable of vitbstazding WMj~g in~puts without per-minerA t dzage

to the receiver. Over voltage protection *hall be consistent with that provided

for other Input signal lines in the equipment Item serviced.

4.2 Data Pect~ve?/ rrs=s1tte- - The data rmceiver/tranizittor shall be coupled

to tha d&ta .ie1ral trpe .ission line throu.h a transformer v1th grcoundd center

tUp. Tke coupling transfrr.er shall have a narrow psus band which p•sses the

data Signal with a &:im=n of attenuatio Lad phase distcrtion. The I-pedance

reflected onto the transmission line t•r.e€u'gb the transformer #hall be essentially

relztive and balanced to ground to vithin 1e in both modes of operation, even

vbwe terminal power is off. rhea pover is Off, the magnitude of the reflected

Impedance shall be 10.000 Ohna or geater lne-to-line.

4.I.l lveivi.,r 1od? - Whem operating in the receiving aode -he ragnItuae of .hc

LIpedance reflected onto the dsta transmission line shall be lO,00 ohms or

greater, Including any effects of the transmitter in the terminal. The recciver

shall be capable of operating with Input signal amplitudes in the range of

S1 volt to t 7 volts line to ground, and shall be capable of vithst.wding over

voltage input: vithout permanent dam4'e to the unit. The receivcr ShAll be

ceapble of dctecting and indicatirn the presence of bi-phase coded data. and of

y 1 
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decoding the bi-phose data (i.e. identifyine a loCicas "Ce* 0- logical ":cro"

eode) by comrarism vwith the refcrence clock siM.al. even +bw.:gh the Incc-in,

data lap the clock by as W'ch as 200 nanoseconds. The reeeiver shall also have

the capability of recocicing improperly coded signals, or a data drepout.

occurring during reception of a vor(., and of producing an error signal "nc:t•:.;

that a" invalid verd has beer -eceived.

h.2.2 f•rLn•5-Irt1 M4ole - When operating in the transmitting mode, the maitude

of the Impedance reflected Wnto the data transmissicn line shall be 6! ohms - lM.

The transmitter shall be capable of d-riving a load equivalent to 175 oh. line-

to-line pure resistance to a peak amplitude of 5 volts + I volt line to ground

(10 volts # 2 volts line to line). The output vave fern -i1l be similar to that

shoin in rigure 2 vith its spectral content limited as defined in paracr.G h 3.2.3.

The nid-perird! sore crt-.'- tl d*ft. ,iLL the ~nsie operating I

•vithb 175 ohm resistive load, shall la the mid-pteriod zero crossing (negative

going zero crossing) of the signal on the clock line by no more than 35

nanoseconds. 1he terminal shall be capable of driving a transtission line pro-

ducing capt w.hich are equivalent to 19 ohms in series vith 1050 pfd

vithout sap. &t~ations from the levels ach~ieved vith the 175 ohm

resistive load. (Neote: Lino load cannot be sen.•ated by a capacitance alone. )

4.2.3 P.ode Switching - Svit-ching of the raceiver/tran-mitter unit between the

receive node And transmit node shall be controlled b) the ter-minal control logic

based on the contents of the select vord and system operating characteristics

defined in Section 2. When a receiver/transmitter is opernting in the transmit

mode (68 ohm reflected impedsnce). it shall maintain the transmit mode iepeds.ce

characteristic for a minimum of 3 clock periods (3 usec) after transmitting the

last bit required and shall svitch to a stabilized receive mode (101: oha re-

f2ected impedance) vithin the next 2 clock perlod3 (2 usec.) WTen the receIver/
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tranla/ttcr .a in the reseiu de it shC.l *,itch to & stebilize" riar5Lt o.-c.•

(68 b== reflected inpedance) vwthin 2 clock per.-,s (2 used) after receiving *':e

last bit requl-ed wher trsnsmissicz is indicated. Mode svithing shall be acce--

pli.hed vithout generating sig.ifiden trsMAletrs on the trSeiSie8nO lint.

11.3 Ter..inLl C:•kt-,cl . 1•c•s - The tar=±na unit shall Include control ¢ircui.r

which regulate& the operating node of the Data Peceiver/?ranszitter (PIT) unit,

Idenatlles and selects the bus to be used for recelvigc or trun.satiitng data, and

Identifies, decodes., and pr.cesses Incoming anld outgoing =esssces.

-.3,1 'eceive/.r..t c Selection - Recolver/,ransm:±tter units in the C•,--/O

terminals shall- operate ±n the transmit nods at ,ll times except when requirei to

receive date from a peripheral as indicated by the presence of a logical %" as

bit 11 of the trans'itted select word. The unit shell remain in the receive node

umntl r.l vor's Po€tsined in the meeesse (the nuber Indicated by the coUnt field

of the select word) have been received or a "no-data response" con4it.on is recoC-

nised, I.e. no data v,dr is received after the five "no-date" clock periods. Vhen

either of these tvo conditions occur, the receiver/tranomitter shall resyr.:hronl:e

sad switch to the transm.it mode in p. eparation for transmitting the next select

V leaeiver/transmtter units in peripheral equipment terminals shaL= operate in

the receive zode at all tiaes except v~t., rtques.e"• .t, !" 4.ata so Indicated

by the presence ef a log•coL" "I" as bit 11 of a valid select vord. 7he unit shall

remain in the transmit nodse until all data vords requested (the number indicated

by the vord count field of the select word) have been transmitted or the clock

sigal on the opernting bus is shut dcu•n causing the terminal to resynchronize.

After the .lut bit of the last word of the mactnua has been troncaitted. or the

terminal is resynchroni:ed, the recelver/transaitter unit shall svitch to the

receive mode.
30-21



h.3.2 I:!c1 L.uo- F'r r--h.'il-P -.he termitatl thea:

provide facilities for I rit-'ing inco-ind vordz a3 "'•elect" or Data" vord: bad

a the loenth of the no-data period to.c.ruig the preceditr. vord. It shall ;rc-.".d•

a capabillty for cow.tin; both in:cming and ow.g~ing bits to define the end of a

wor6d It Shell thoek or generate the parity bit. It Shall provide a capatility

for eounting Incoming or outgoing words to define the end Cf a tessage based on the

value of the word ccw.-t field of the select vcra. It a no-oata period greater than.

5 clock periods Is detected after a vord and before the end of a mesesae, 0r the

bus Is shut domn (i.e. the clo.)Y signal Is Lnterruptcd) before the vord cc-.te.- has

counted Awn to aero, the system shall resynchrooiae and prepare to receive the

next select word. This condition results vhen the messae4 being transmitted is not

eeopletad because of a failure, or the Inabil.ty of the trazsrittIng unit to supply

the data to complete the mesage. or the bus Is shut dckn by the CMC. It should be

noted that a select word ae always fo.Uoved by at least one data vord -ronsmitted

either by the CCC or a peripheral.

'.3.3 Select Were Dec-lodii - when an incominC word is recognit,d a a select word

and a valid parity check has been made. the terminal shall inspect the address

field to determine If the! address code compares to the address code vhich has been

pre-set Into the terminal. Provision shall be provided to set the terminal addresi

code by physical connections (e.g. jumpers, patches, plugs etc.) which are trAe on

the bench in a sho;; flight line address code pro;ra=.ng is net rcquired or

desired. The CCC-I/C is not required to recog-tize address codes.

When tan address code is recopi:cd, the terminal shall determine if the

peripheral is required to supply data vord.. or accept data words, by irzý;cction ef

the T/R bit. (bit 11 in the select word). If the terminal is required to trnntnit

data. the receiver/trincastter shall be s'itched to the trLfsuit node.

3D-22
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M.e te€•minl ahall t*cre 'he er:.-¢cnts of the mo.tro: field itMz , .ro'ih 1(j)

the entent. of the word court field (tits 12 thro•.h 1.5) of the select word, VI-1c.,

in eorb~ ation •deantify the datt vcrd(s) to be aeccT.ed or supplied by the per•.lh-

orl.

h.3.4 Outtuttir' Data Vcr!, - Vhen a peripberal2 receives an Ind-Icaticr. thct a

data vord =Ast. be supplied to 'he terminal for tru-••ission, it %hall select the

data word (identified by the control field code and the word to-Ant) from its data

storage and tr•nsfer the. vord to the tertdnal unit fcr trantzissicn. Aft"tr the

dat word is tracsfered to the teri-'nal, and the reqUired 5 clock periods have

elapsed, the terrinal shell tr8ansit the data word, vith the correct parity bit at

the end of the word. After the data -rcrd atd parity bit have been transmitted.

the vord counter shall- be decrateneted one count. It the word count Is not zero.

the terminal shall i. s.n indicate to tie perither&l that a data vord Is to be

supplied for transrission. This process shall be repeated until all the data

wards required for the message have beea trLascmitt*e. as itdicated by a zero count

of the word counter.

)i35Imputtin.: flata words - When a peripheral receives ae indication that a data

word directed to it hea been received by the terminal with correct parity, It shall

transfer that data word into the storage or buffer location iden+ified by the

control field code and wordt.o,=t indicated. After the required 5 clock pe.iods

have elapsed the t.tminal shall inhibit trs.-sfer of data from the terminal to the

usilng unit. and" decre ent the word counter *oe court. If the word count is not

zero the tern2!nal thall acccpt the next data word on ,he data transmission line.

This process shnll be rcpoted until all duta words in the message have beet

received a$ Indicated by a zero count of the word counter.

30-Z3
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5.0 e•.;•.i. ?T

5.1 PceI.b t"t. - ReitL-Uit7y data for the termina.l oequ nrt shall be

cubined vith reliability deta for the peripheral. such that the reliability of

the periphctral shall in:lude terc.naal reliability cousideratio s :lusivo of

transmission lint reliability.
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9. FUTURE MODIFICATIONS

Table 9-1 lists future modifications planned for the P-15A.

Table 9-1. FUTURE MOoIFICATIONS

Terminology/Nomenclature Remarks

HAVE QUICK Interim AJ voice capability; now
being developed; preliminary
planning for F-15A.

SEEK TALK AJ voice capability; under develop-
lont by ESD; preliminary planning
for F-15A.

Video Tape Recorder Preliminary planning for F-15.
(ECP 1045 VTR) Would use TEAC recorder. Awaiting

ASD/AE development of new CCD camera
to replace existing camera.

Programnable Signal Modification to F-15A radar to
Processor enhance capability. Item under

devdlopment; preliminary planning
for F-15 C/D aircraft.

ALE-40(V) Dispenser Set Development contract expected
shortly. Planned to retrofit all
F-15As.

TEWS Threat Update R&D ECP now under way. Modifica-
(CCP 120-ICS) tion to ALR-56 to enhance capa-

bility. Add Band 3 to ICS system;
modify Band 2 capability of ICS.

Tail Warning System Two competing systems: ALQ-153
(ECP TWS) (Westinghouse) and ALQ-154 (AIL).

Prototype contracts to be awarded
mid-1978. McAIR to start Group A

kit development October 1978.
Installations starting in 1981 to
1982.

AN/ARC- 186 VHF/AM Radio Preliminary planning for F-15.
VHF/UHF requirements being defined
by TAC. Installation of dual KRC-
164 UHF could be superseded by
installation of single ARC-164
and ningle ARC-186.

UHF - Dual ARC-164 Replaces AN/ARC-109.

TACAN - AN/ARN-118 Replaces AN/ARN-IIl.

ECPs 899 and 900 Modifications to APG-63 radar software;
AIMVAL and ACEVALi 1100 words of com-
puter memory.

GPS Global Positioning System.
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S10. DATA SOURCES

The following sources of data were used in preparing this summaryt

Aircraft and avionics configuration data assemblad by ARINC
Research, principally in the form of copies of applicable sections,
tables, and figures, form the aircraft and equipment Technical
Orders listed at the end of this section.

/
• Avionics Planning Baseline Document - October 1978

0 Requirements Analysis for a Multifunction, Multiband Airborne
Radio System (MFBARS), March 1978, APINC Research Corporation
Publication 1935-11-01-1769

inventory of Technical Orders

Change
T.O. Number Subject Number Date

IF-15A-O1 List of Publications Basic 4/15/77

IF-15A-1 Flight Manual 3 5/1/79

IF-15A-2-13 Weapons Control and Delivery 9 8/1/77
System

IF-15A-2-16-1 Central Computer System 6 8/15/77

IF-15A-2-17 Air Data and Instrument System 11 7/15/77

IF-15A-2-18 Inertial Navigation, 9 7/1/77
Site Indicator System

IF-15A-2-19 TACAN and Instrument Landing 6 5/1/77
System

IF-15A-2-20 Auto Flight Control System 7 6/1/77

IF-13A-2-21 Auto Direction Finder 1 5/1/77

IF-15A-2-22 Identification and Recognition 3 6/1/77
System

IF-15A-2-24 Head Up Display System 8 5/1/77

IF-15A-2-25 Radar System 1 9/15/77

IF-15A-2-26 Lighting System 6 8/15/77

IF-15A-2-27 Electrical Power Supply 8 9/1/77

IF-15A-2-28-1 Wiring Diagrams 6 9/1/77

IF-15A-2-28-2 Wiring Diagrams 5 9/15/77

IF-15A-4-4 Instrument and Electric, 1 6/15/77
Electronic Systems

(continued)
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Inventory of Technical Orders (continued)

Change
T.O. Number Subject Number Date

IF-15A-4-7 Parts Index 1 5/15/77

IF-15A-21 Equipment Inventory Basic 6/15/77

IF-15A-34-1-1 Non Nuclear Weapon Delivery Basic 9/1/77
Manual

12P4-2APX101-2 Radio Basic 9/1/75.

12P4-2APX76-2 Interrogator Set Changed 1/15/77

12P2-2APG63-2 Antenna 1 12/15/76

12R2-2ARC109-4 Radio Set 9 6/15/76

12R5-2ARN18-1 TACAN Navigational Set Basic 10/15/76

12R2-2ARC164-2 Radio Set Basic 6/20/76

//
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for tho Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.

iii



Record of Changes

Change Subject Date Entered Initials

323'

v



TABLE OF CONTENTS

Section Page

1 Introduction 1-I

2 Cuckpit Space 2-I

3 Avionics Space 3-1

4 Electrical Power 4-1

5 Environmental Control 5-1

6 Current Avionics C--i

7 Antenna Locations 7-1

8 Interface Data 8-1

9 Future Modifications 9-1

10 Data Sources 10-1

LIST CF FIGURES AND TABLES

Figure/Table Title Page

Table 2-1 F-16A Available Cockpit Space 2-2

Figure 2-1 Instrument Panel 2-3

Figure 2-2 Left Console 2-4

Figure 2-3 Right Console 2-5

Figure 2-4 ECPO076 F-16A Crew Station Modifications 2-6

Figure 3-1 F-16A Available Avionics Space 3-2

Table 3-1 F2E Suirw ary - F-16A 3-3

Table 5-1 F-16A ECS Loias (Watts) Avionics and 5-2
(" Electrical Equipment

vii



r
LIST OF FIGURES AND TABLES (continued)

Figure/Table Title Page

Table 5-2 F-16A Avionics and Electrical ECS Loads 5-3
(Watts) by Compartment

Table 6-1 F-16A Avionics Configuration Data: UHF 6-2
Radio Set LRUs AN/ARC-164

Table 6-2 F-16A Avionics Configuration Data: VHF 6-3
Radio Set LRUS AN1/ARC-115 NSN: 5821-00-
431-9824

Table 6-3 F-16 Avionics Configuration Data: Inter- 6-4
communications Set AN/ArC-l8 NSN: 5831-
00-116-6503

Table 6-4 F-16 Avionics Configuration Data: Flight 6-5
Instruments NSN: Various

Table 6-5 F-16 Avionics Configuration Data: CADC 6-6
and Others NSN: TBD

Table 6-6 F-16A Avionics Configuration Data: 6-7
TACAN LRUs AN/ARN-lI8 NSN: 5826-01-
015-0839

Table 6-7 F-16A Avionics Configur Lion Data: 6-8
inertial Navigation System LRUs NSN:
NSN: TBD

Table 6-8 F-16 Avionics Configuration Data: ILS 6-9
System LRUs AN/ARN-108 NSN: TBD

Table 6-9 F-16A Avionics Configuration Data: IFF 6-10
System LRUs AN/APX-101 NSN: 5895-01-

016-6739

Table 6-10 F-16A Avionics Configuration Data: Radar 6-11
System (Westinghouse 0646R483G01)
NSN: TBD

Table 6-11 F-16A Avionics Configuration Data: 6-12
Cryptographic Equipment NSN: TAD

Table 6-12 F-16A Avionics Confiquration Data: 6-13
Stores Manaqement System LRUs

Table 6-13 F-16A Avionics Configuration Data: 6-14
Weapons Control System LRUs Excluding

Radar and INS Systems NSN: TED

Table 7-1 F-16A Antenna Locations 7-2

Table 9-I -- AN/ARC-186 - "iF - AM/FM Radio Set 9-2

viii



•L.1. INTRODUCrICHS1.
This document contains configuration data relevant to the integration

of additional avionics into the F-16A aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP

Wright-Patterson AFS, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable technical orders are included in the references listed
in Section 10.
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2. COCKPIT SPACE

Table 2-1 summarizes the available cockpit space in the F-16A and
provides references, as appropriate, to Figures 2-1, 2-2, and 2-3.

The F-16 ptogram office is currently planning to relocate the cockpit
Fire Control/Navigation Panel (FCNP) from the right console to the left
console (ECP0076). No detailed information is currently available on this
cockpit rearrangement except as shown in Figure 2-4 and in the ECP0076 over-
view that follows:

ECP0076 (Relocate FCNP) Modifications for FOT&E

" Modification will be made in accordance with formal retrofit
engineering for FOT&E aircraft

" All modifications of approved ECPO076 configuration will be

made:

Relocate FNCP (which necessitateu moving other panels)

Relocate 3 Autopilot Switches

* Delete Alternate Release Switch in F-16B Front Station

Relocate Selective Jettison Switch to the SM Panel

** Reverse Gain and Symbology Controls on Radar/E-O Display

• Increase Rotation of Manual Range Control

Rearrange Volume Control Knobs on COMM Panel

• Change Intensity Control of AUX Console Gauges to the
Instrument Control Knob

Reduce Intensity of AOA and NWS/AR Lights

*. Reverse the Switch Activation for Designate/Return-to-
Search

o Spring Load Speed Brake Switch in F-16B Rear Station

s Additional Cockpit Utility Lights

* Add the Roll, Pitch, Yaw, and Standby Gain Caution
Lights to the Press-to-Self-Test Switch in the Crew
Station

2-1 
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2

26 ____________

27 7

25 2 I 19
03

0 r0

1. IIUD Combincr Glass 15. FTIT Inrlicatnr
2. Gun Camera 16. Fuel Quantity Indicator
3. Air Refael Status/iNws Indicator 17 Alt jmvtcr
4. HUD Control Panel 18. Dclctcd
5. Standby Attitude Indicator 19. Attitudc_ Director Indicator (ADI)

6. FUEL PLOW Indicator 20. Floriz,•nta1 Situation Indicator (HSI)
7. DUAL PC PAIL Warning Lam}, (Red) 21. Radar/EC• Di,:play
8. HYD/OIL PRESS Warninq Lamp (Red) 22. Dclcted
9. CANOPY Warning Lamp (Red) 23. Angle of Attack (AOA) Indicdtor

10. Oelcted 24. Instrument Mode Select Panel
11. Vertical Velocity Indicator 25. Air Speed/Mach Indicator

12. Engine Oil Pressure Indicator 26. Storcs Control Panel
13. Tachometer 27. Threat Warning Indicator Control Unit

14. Nozzle Position Indicator 28. Threat Warning Azimuth Indicator
29. Angle of Attack (AOA) In•dcxer

Figure 2-1. INSTRUMENT PANlEL2-3 est Ava4ilable



22

21

202

18 18

166

1. Communications Control Panel
2. Radar Control Panel
3. UHF Radio Control Panel AN/ARC-164
4. VHF Radio Control Panel AN/ARC-115
5. TACAN Control Panel AN/ARN-iI8
6. Flight Control Manual Trim Panel
7. ECM Pod Control Panel C-7854/ALQ 13 14 7 25
8. Anti-G Suit Hose Connection
9. Dileted

10. Oxygen Control Panel
11. Oxygen 'Hose Connection
12. Test Switch Panel
13. Windshield Defog Control Lever 12 11 10
14. Flight Control System Control Panel
15. Fuel System Control Panel
16. Canopy Jettison Control
17. ILS Control Panel AN/ARN-108
18. EPU Control Panel
19. Electrical System Control Panel
20. Throttle Lever Friction Control
21. Engine and Jet Fuel Starter Control Panel
22. Throttle Grip
23. Chaff/Flare Dispenser Button (on left

vertical panel)
24. Reduced Idle Thrust
25. Reserved-Video Recorder

Figure 2-2. LEFT CONSOLE B s via: -3Best Availab2-
3 3Y 2-4
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4

1. Engine Anti-Ice Switch
2. Antenna S*loect Panel
3. Nuclear Consent Switch (Guarded)
4. Interior Lighting Control Panel 6

5. Pressure Suit Vent Switch
6. Fire Control/Navigation Control Panel (INS)
7. Deleted
8. r*leted
9. Air Conditioning Control Panel

10. Secure Speech Control Panel KY-28/TSEC
11. Growth Space 14 10
12. Chaff/Flare Dispenser Control Panel
13. Map and Data Stowage Bin
14. External Lighting Control Panel
15. Side Stick
16. Reserved for JTIDS
17. Oxygen Regulator Control Panel
18. Growth Space
19. Growth Space 13 16 12 17

! 11 18

Figure 2-3. RIGHT CONSOLE

C Best Available
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Air Refue! Status/NWS
Indicator

Armament
Master Arm Switch

* Alt Rel
I IFF Identification
Switch0

* Autopilot Switches

VH{F
Throttle

Grip UHF
GpInternal Lights

Fire Control Nav Comm • iGrowth

Ccm
• • . -•"Anti-Ice/

Flight Control -Antenna Select

SRelocated

* Redesigned

Figure 2-4. ECP0076 F-16A CREW STATION MODIFICATIONS
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3. AVIONICS SPACE

There are several areas that could becime locations for additional
avionics equipment (see Figure 3-. and Table 3-1). Behind the seat there
is an avionics growth space. This space is irregularly shaped. The nomi-
nal size is 12 inches H x 24 incnes W x 24 inches D. If JTIDS took over
TACAN, that space would also be available. There are also two spaces
available that have either limited or no access. There is also a radar
growth space available. Space A (Figure 3-1) has not been dedicated to
any avionics equipment.

Best Av3i-ab1,
3-1
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( 4. ELECTRICAL POWER SYSTEM

The electrical power system in the F-16A consists of a primary ac
power generating system, an emergency ac power generating system, a dc
power system, a flight control power supply system, and a power distribu-
tion and control system.

Normally, electrical power is supplied by a 40 kVA generator system,
supplying 115/200 V 400 Hz to the two ac power panel essential and non-
essential buses. The emergency back-up system supplies 5 kVA 115/200 V
400 Hz electrical power. This generator is driven by the emergency power
unit accessory gear box. If this system fails, the permanent magnet
generator section of the emergency generator will supply dc power to the
four flight control power supplies.

A 24 V battery system and two ac-to-dc, 100-amp converters supply
28 Vdc power. The converters take the power from either the main generator
or emergency generator and convert it to dc power.

Reported electrical power growth reserve in the F-16A aircraft is as
follows:

* 50 kVA ac capability

33.7 kVA load

16.3 kVA growth

* 200 amp 28 Vdc capability

• 120 amp load

*. 80 amp reserve (nonessential bus limited)

Best Availabee Cop!
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( 5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The F-16A Environmental Control System (ECS) uses a regenerative,

bootstrap open-air refrigeration system to provide cooling air to the cabin
and to the various avionics and electrical equipments. The ECS uses bleed
air from the seventh- and/or thirteenth-stage compressor bleed ports (depend-
ing on the available bleed pressures). The bleed air is cooled by the heat
exchangers, passed through a water separator, then routed into two lines
for cabin and avionics cooling.

5.2 Cabin Cooling

The ECS is designed to maintain a shirt-sleeve cockpit environment
while cooling heat loads up to 7,834 BTU/hr or 2.296 kW. The cabin cool-
ing air is discharged through the cabin pressure regulator into the forward
equipment bay to aid in equipment cooling. In the forward equipment bay,
the cabin air mixes with the discharge air from the forced air cooled equip-
ment. The air mixture then flows aft through the under-floor and aft equip-
ment bays, through the right-hand strake equipment bay, and is discharged
overboard.

5.3 Avionics Cooling

The cooling air supplied by the ECS for force-cooled equipment is con-
trolled at a nominal lower limit of 35 0 F, except during supersonic transients
at high altitude who-, the cooling air temperature may be as low as 0F.
The ECS cooling air is maintained below 806F at all times. The design cool-
ing airflow is designed to vary with temperature. Minimum airflows of 1.69,
2.25, and 3.95 pounds per minute are required for temperatures of 0*F, 359F,
and 80OF respectively per kilowatt of electrical heat dissipated to the
cooling air.

Those equipment5 which are not designed for forced-air cooling are
cooled by convect ic. to the surrounding air.

Table 5-1 illustrates the present ECS loads and anticipated load
growth. Table 5-2 illustrates the ECS loads by compartments.

5.4 Cooling System Growth

Forced-air cooling system growth reserve is reported to be available
to handle additional heat dissipation beyond current loads. Rated figures
are as follows:

Capacity: 6.90 kW

Load: 5.43 kW

Reserve: 1.47 kW (this is forced-air cooling to avionics)

Identified Growth: 1.81 kW (see Tables 5-1 and 5-2)

"Best Available Cmv'
5-1



Table 5-1. F-16A ECS LOADS (WATTS) AVIONICS
AND ELECTRICAL EQUIPMENT*

Cooling Load

Equipment Forced-Air I Self-Cooled

Cooled Jto Ambient

Production Equipment

Fire Control 3,92 332
Navigation 292 244

Penetration Aids 3721* 428

Commun-Ident 145"* 197

Flight Control 225*" 43

SLM and CTG Accel -- 139

Electrical 501 848

Other 7** 269

Total 5,434 2,500

Identified Growth

CW Illuminator 1,380

Data Link 425 --

Video Recorder -- 32

Total 1,805 32

Total Load 7,239 2,532

*Data taken from General Dynamics Report 16
PR226A, 15 November 1976: F-16A/B Environ-

mental Control System Analysis, with Table
3.1.2 revision dated 13 January 1978.

"Equipment iL self-cooled. Forced-cooled
listing results from equipment bay area
cooling requirements.

Best Available, C
35-
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I

6. CURRENT AVIONICS

Tables 6-1 through 6-13 contain LRU data relating to the I-16 avionics 4

systems that make up the current or near-term configuration. Where no

entries are shown, the data were not available for this report. Data per-

taining to future avionics modifications are presented in Section 9.
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7. ANTENNAS

Figure 7-1 shows the antenna locations for the antennas of the F-16A
aircraft.

The antenna functions and nomenclature are as follows:

1. Glideslope Collins No. 608-6929-001
Localizer Collins No. 608-6930-001

2. TACAN (flush) Transco No. 2282-2

3. Marker Beacon Transco No. 16F0-1500-1

4. TWS TBD

5. UHF/IFF Dome and Margolin No. CN18-7

6. TWS TBD

7. TACAN Sensor Systems No. 565-5366-16L

8. UHF/IFF Dome and Margolin No. CN18-7

9. VHF GD 16E130-3

10. TWS TBD

11. Radar Westinghouse, #646R483GO1

7-1



045

P-.

7-24



2

8. INTERFACE DATA

This section contains examples of interface signal characteristics
and a description of the F-16A-MIL STD 1E53 Multiplex bus requirements.
These data were extracted from applicable sections of the Interface Control
Document (ICD) for integration of GPS User Equipment in the F-16 aircraft.

Each signal characteristic sheet discusses a particular signal. The
top line contains the signal name, type% of signal (digital, analog, discrete,
or syncronous), signal source and load, and whether the signal is an input
or output of the GPS user equipment. A functional description follows,
together with a description of the signal's characteristic:.

The general requirements of the MIL STn 1S'53 data bus, as applied in
the F-16A, are included in this section beginning on Page 8-9 These re-
quirements are extracted from the Interface Control Document for the P-16
Avionics System, 16PP188(C) dated 27 July J76.

8-1



This signal provides a variable d.c. signal that indicates the displace-
snt of the aircraft to the left or right of an approach course. The displace-

ment represented by the indicating device will be controlled by AE software.

Signal Chara~teristicS

Range: Typically Z .50 full scale angular deflection for localizar. For
area -tvigontion systas. the Area Navigation Subconlttee of the
Air Transport Association's Air Traffic Control Comittat has
s gconel nden a range of 600 to 3000 ! int full scalte eflection for
aDorcacn flignt nrodes.

nde o f erence: Desired approach course
4:n t Direction Sense: Fly right (+ right)

S1eCtrical Characterlstics

Load: d.c. motor noveaent ',two in ;arallal)
Impedance: l000 - 30 ohmns (on# instrumentl
Current: 2.5 y al Tor full scale deflection
Scale atCtorn 2.2 6a0 tf)r Ge8t5 inch deflection
.Resolution 1i6 la 'one bar widrml
Accuracy: 7. 5 Percent

:rterc~nmectior datj

Wirt • ype: 1wo conductor, twIsted
irnt Size: So. 22 AWG

Figure I-lb. F-16A Horizonta Deviation 1naorface Signal laacteristtcs

S0" ' P--- 3
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•ITrErACt SIGNAL CHARUCTERISTIC SHEET

SIGNAL UNKD TYPE 1/0 FROM TO I

Horizontal Deviation Discrete 0 UC !MSC
Flag

Functional Descriotion

Provides a discrete signal to operate the horizontal deviation warning
flag or circuit when the deviation data is unreliable or a malfunction has
occurred in the course deviation circuitry.

Sinal Characteristici

Deviation signal valid or invalid

Electrical Characteristics

Load: d.c. mater mnuent (two In parallel)
Impedance: 1000 * 30 ohms (one instrtment)
Input Voltage: 2TS to 500 mv u signal valid

C1l0 mv - signal invalid

Interconnectlon Ueta

Wirt Type: Two conductor, twisted
Wire Size: No. 26 AWG

Figure 1-1c. F-16A Horizontal Deviation Flag Interflace Signal Characteristics

A ICD4PS-012

8-33,,
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INTERFACE SIG1AL. CHARACTERISTIC SHEET

SIGNAL NAME TYPE I/0 FRO TO

Vertical Deviation Analog, d.c. 0 UE IMSC

Functional Description

Provides a variable d.c. signal that Indicates the displacement of the
aircraft above or below a desired flight path. The displacoment represented
by the indicating device will be controlled by UE software. Deflection of the
idicating device may represent angular displacement or distance.

Signal Characteristics

Range. Typically # 0.S5 full scale anguler deflection for glideslope
operation. For in area navigation system, the Area Navigation
Subcommittee of the Air Transport Association's Air Traffic Control
CoTrittee his recommended a range of 40 to 100 feet full scale for
approach flio•it model.*

Electrical Charactewistics

Load: d.c. meter Mwvement (two in parallel)
Impedance: 1000 * 30 ores (one instrent)
Current: 2.5 na Tor full scale deflection
Scale Factor: 2.2 ma for 0.875 inch deflection
Resolution: ,06 wa (one bar width)
Accwracy: * 7.5 percent

:nterconnectiom Uata

Wire Type Two cOncuctor, twisted
Wire Size: NO. Z6 AWG

Figure I-Id. F-16A Vertical Deviation Interface Signal Characteristics

R-4



IXTtRFAC[ SIGMN.. C•HAACTERISTIC SMEET

SIGNAL UM TYPE I/O F"GI TO

Vertical Deviation i 0 I I
DiscO|$€lrete 0 UC ~ n

Flag C

Functional Description

Provides a discrete signal to operate the vertical deviation warning
flag or circuit when the deviation data is unreliable or a malfunction has
occurred in the vertical deviation circuitry.

Signal Characteristics

Deviation signal valid or Invalid

Electrical Characteristics

Load: d. c. meter movement (two In parallel)
Impedance: 1000 * 30 or"s
Imut Voltage: 21s to 500 my * signal valid

<180 mv * signal Invalid

Interconnection Uata

Wire Type: Two conductor. twisted
Wire Size: No. 26 AWG

Figure 1-14. F-16A Vertical Deviation Flag Interface Signal Characteristics

itM af W. /
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Attachment to Appendix IV
Reproduced from
Interface Control Docwnt

For
The F-16 Avionics Systm
16PP188(C)

3. L•J•QIW NTS 17 July 197T

3.1 General Reouir",ents. The detailed interface requitem-nts
for the F-16 Avionic System shall be as specified in this docu-

3.2 Xleccrical Interface

3.2.1 General. The signal interface for each subsystem is
documented In the subsection covering tie-ins for the individ-
ual subsystem. Electrical signal specifications are included
for signals routed "to", "from", and/or "within" the subsystem.
The electrical signal specification number is assigned by using
the convention outlined in Figure 1. This specification num-
ber is used as the "tie-in" sheet number.

Schematic diagrams, signal flow diagrams, and sketches of
physical hook-ups are provided as supplementary sheets where
required for clarification of interface requirements.

3.2.2 Signal Interface Definition

3.2.2.1 Signal Tvpvs. This paragraph contains a definition
of the basic types of electrical signal interfaces end terms
which describe signal characteristics. Signal types include:

1. Power Excitation and Reference - All 115 vac, 400 hertz,
and 28 vdc power excication and rererence signals.

2. Analog - Synchro, AC, and DC analog signals.

3. Discrete - All two-sctae signals which are transmitted
or received over one wire and a return. The return may be com-
mon to several discroees. It is also used for complementary
two-state jhich are transmitted or received over two wires and
a common return.

4. Serial Diital. - All signals transmitted or received
on the multiplex daca bus in standard binary digital format;
it includes status and control signals.

5. Video - All video and high frequency signals when
coaxial or waveguide cransmission lines are employed.

68-6



mEZCTRICAL SIGNAL SPECIFICATION
IDENTIFICATION V,3ER

TY ' SIG-NAL SPECIFICATION
1 CHANGE LETTER

TYPE OF SIGNAL:
SERIAL DIGITAL; Y a WRD NO

ViDEO YY - SUISSYST-K
REFERENCE SQN

POWER EXCIT)

TYPE OF SIGNAL:
SERIAL DIGITAL; XX - SLX NO
ANALOG; XX a A-
DISCRFTE; XX a D.
PULSED; XX a p-
VIDEO; XX a V-
REFERENCE; XX - 1-
POWER EXC IT; XX e I-

CODE OF SOURCE
SUBSYSTEM (SEE TABLE 1)

Figure 1 BREAKDOWN OF SIGNAL SPECIFICATTON NUMKER

8-7



3.2.2.2 SignaLn nterface Soeelfication Descriotion Format.
The format to oe used ior each oi the aoovd signal types and
a definition of interface terms are presented in this para-
graph.

3.2.2A.1 Definition of Interface Taru#. The interface tera
are defined as follows.

ArCURACY - (ANALOG) - Unless otherwise specified, the
accuracy shall be definqd as the overall RJ6 error, in units
of physical data, in the tie-in signals at the input of the
receiving element. This accuracy does not include the error
contributed by the receiving element, but it does include the
loading effect of the receiver. Accuracy values are included
•nur remarks section ior reference only.

ACCURACY - (SERýAL DIGITAL) - Number of significant bits
required to represent the value of the quantity, i.e., siniin
number of bits needed to preyent degradation.

3 WI•DTIR - The electrical bandwidth of the signal.

BINARY STATES - The True (T) state, logical "I" with vol-
tage. tolerances and the False (F) state, logical "0" with'vol-
cage tolerances.

BTT NBUERS - Definition of the parameters of the data bits
of a specified serial digital address.

B1T RATE - The rate at which bits are generated at the
source (bits/second).

BLA.KING INTERVAL - (VIDEO) - The interval during which
blanking occurs.

CABLZ TYPE - Type of interconnecting cable (i.e., wire
size, twisted pair, twisted shielded triplet, coaxial, etc.)

COMPUITATTON RATE (SERIAL DIGITAL) - The rate at which data
is updated at the source.

DATE - Date of the last signal revision in the foruat: day,
month, year.
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DC IEFERENCE LEVEL - (VIDEO) - Reference level of the
video signal, at output of transmitting LIU.

DESTINATION - Set or interim distribution point which
receives the tie-in signal.

DISTRIBUTION - Listings of all destinations receiving
the tie-in signal.

ELECTRICAL SIGNAL SPECIFICATION - The specification
number for a particular signal shall be of the form SXXYYA
as shown in Figure 1. Each signal, from origin to destination,
will have a distinct specification number.

ISOLATION - Type of isolation required at the destination
load.

LSD VALUE - The value assigned to the least significant
bit of the parameter data.

MAXIM LOAD CURWMT - The maximum signal current allowed
in a receiver load.

MAXIM NOISE LEVEL - The max"!mum electrical noise
level that can be tolerated on the circuit without degradation.

MAXIMUM POWER - The maximum source signal power available
from the transmitting element.

MAXIMUM PRE - The maximum pulse repetition frequence
of the element from which the RY energy is originally trans-
sitted.

MAXIMUM SOURCE CUIRENT - The maximum current the source
must be capable of providing.

MAXIMUM VOLTAGE - The maximum signal voltage encountered
on a particular conductor (maximum steady-state voltage
allowed by MIL-STD-70A ac -650).

MAXI•TM VS••R - The maximum ratio occurring between the
standlng wave maxLium voltage and the standing wave minimum
voltage measured along a particular RE conductor.

MINIMUM VOLTAGE - The minimum steady-state source signal
volt&Zt7 encountered on a particular conductor.
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HSI VALUE The value assigned to the most significant
bit of the parameter data.

NO. OF BITS - Number of bits utilized for a particular
parameter or the r.imber of complementary bits required to
transfer the specizied data the tie-in represents.

NOMINAL VOLTAGE - (PWR EXCTTATIOX AND REFERENCE) -
Value of volts&e with tolerances. This value iL specified at
the output of the transmitting equipment.

OFFSET VALUE - Value of a constant that is added to
actual engineering data to represent the data.

PHASE - (POWER AND REFERENCE) - This term is used to
identify phase for AC signals.

PHASE S14IT - (ANALOG) - The nominal phase angle between
the reference voltsg.: and the voltage In question. Phase
shift is referenr•ed to cho A/C bus Phase A. If the
tie-in voltage leads the referenced'.oltage, the phase shift
is defined as positive.

PHASING - (ANALOG) - ?has* relationship' between the
analog signal and the physical data (i.e., +0 for east values,
COI rotation for increasing north latitudes, etc.). The red
wire (Rl) on all s)nchro control transmitters will be excited

by A/C bus Phase A. Synchros shall be zeroed and installed
in accordance with ARINC unless otherwise noted.

PIN NBER - The identifying character(s) for the ter-
minatLon contact.

RATE - (DISCRETE)(PULSES) - The mauimum number of pulses
occurring in one second.

(STEADY-STATE) - Maximum rate of change of the tie-in
signal in terms of units of physical data per unit time at
0hich the tie-in signal will maintain full accuracy (maximm

rate at which the disc-ete can change stara).

P.ECEIVEt LOAD - The impedance characteristics of the
tie-in signal terminati.on at 250 C.

S~/
RI)IARY.S - Addicional information, specification, etc.

not covered by the format.
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REPETITION PERIOD - (VIDEO) - Time required for a repeti-
tive cycle in the various fields of view.

RESOLUTION - The mintn-mu increment by which a parameter
changes.

SCALE FACTOR - (ANALOG) - The nominal ratio of the Lncre-
mental change in analog signal to the incremental cheae in
physical data (i.e., - volts/knot, - volts/foot, - volts/degres,
etc.). In general, the absolute scale fac:or will change with
changes in primary input voltage, but the ratios, will remain
constant. Scale Factor is not applicable to switching signals.

SCALE FACTOR - (DIGITAL) - The number of places and direc-
tion that the binary point is shifted in converting a binary
quantity to its fractional representation in the interface data
word (left shift positive, right shift negative).

SENSITIVITY - (SYNCHRO) - Applicable only to control type
synchro tie-ins. The nominal voltage gradient as measured at
the rotor of the reference synchro under total configuration as
per synchro chain drawings (defined as the voltage cc Ax$LU
coupling times the sine of one degree). Unless otherwise speci-
fied on a particular interface sheet, the tolerance on the
sensitivity resul:ing from the transmitting alement is +5 per-
cent. An additional tolerance of +5 percent can result from
)ILL-STD-704A line voltagse variation.

SENSITIVITY - (ANALOG) - The minimum increment by which a
parameter changes.

SHIELD - The subcontractor shall define the termination
of the shield (i.e., Ground, Float, Connector pin number for
carry chrough).

SIGNAL I:r.ERVAL - (VIDEO) - The time interval during which
video is present.

SIGNAL LABEL - The unique signal label which is utilised

as an abbreviaticn to represent the signal name.

SIGNAL NAME - Name of the electrical signal.

SIGNAL RANGE - The upper and lower set of values which
physical daca may assume.
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3ZSGML TYPE - The distinct type of signal being generated.

SOURCE - The subsystem from which a particular signal
originates.

SOURCE CODE - A single alphanumeric character used in
the sign•1 specification to designate the source (see Table 1).

SOURCE nVEDANCE - Output impedoae of the trasuitting
elment.

SURADDRESS - Identification of block of word(s) to be
transmitted/received over the data bus.

TRANSMISSION RATE - The rate at which a parmeter shall
be transmitted from tne origin to the destination.

TUITS - Parmeter measure, e.g., ft/second, semicircles,
degrees.

VO.TAGE RACE - The variation in voltage required in
representing the physical range of the signal.

3.2.3 Avioni; serial digltal interface description. Digital
commnmicaticn ber.'een av.oni.c su.ystuems snail be in a bit
serial, word serial forznat, over time division multiplexed
serial data buses. All serial digital communicaetion between
avionic subsystems shall conform to the detail requirements
delineated in this sec:ion. These requirements were generated
utilizing M!L-STD-1553 dated 30 August 1973 for reference.

3.2.3.1 Serial dttital functional interface. The serial
digital data bus shall -.=nccion asy'nc;.-roously in a command/
response mode, and trins-"ission shall occur in a half-duplen
manner. Sole control of information transmission shall
reside with the bus controller, which shall initiate all
transmissions. The information flow on the data bus shall
be comprised of messages waich are, in turn, formed by three
types of words (comremand, daca and stacus) as defined in
3.2.3.3.7. All elements of the avionic subsyst-.a interfaces
shall conform to the electroiagnetic interference and electro-
magnetic compatibility requirements specified in pararaph
3.2.7.
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3.2.3.2 Cowr.incation "odes. The serial digital data bus
shall employ three modes ol Information trans.er: (1) bus
controller to avionic subsystem transfer, (2) avionic sub-
system to bus controller transfer. and (3) avionic subsystem
to avionic subsystem transfer. Two special fnmctional con-
sand modes shall alo be erm.ployed: (1) dedicated function
commands transmitted to individual avionic subsystems and
(2) broadca't function commands issued to all subsystem&
simultaneousy. These modes shall operate as described in
paragraph 3.2.3.3.8.

3.2.3.3 Data transmission characteristics

3.2.3.3.1 Data form. Digital data shall be transmitted in
a form compatible wi:h the message and word formats defined
herein. A 2's complement representation of negative numbers
shall be assumed for the transmission of n.•sric*', data
umless otherwise specified. Any unused bit posittons La a
word shall be transmitted as logic a.ro.

3.2.3.3.2 lit otroritv, The most significant bit shall be
transmitted first witn less significant bits f*olloWLng in
descending crder of value. The nur=ber of bits required to
define a quantl±:y shall be consistent with the resolution
or accuracy re;uired. In the event double precision quanti-
ties (information accuracy or resolution requiring more than
16 bits) are transmitted, the most significant half shall be
tramsmitted first, folloved by the least significant half.

3.2.3.3.3 Modulation. The signals shall be transferred
over the data bus in serial digital pulse code modulation
form.

3.2.3.3.4 Data code. The data code shall be Manchester bi-
phase level as de-ftned In M•-L-S7-442B. A logic "one" Shall
be transmitted as a bipolar coded signal 1/0 (i.e., a posi-
tive pulse followed by a negsatvo pulse). A logic "zero"
shall be bipolar codcd signas 0/1 (i.e., a negetiva pulse
folloved by a pcsitive pulse). A transition through zero
occurs at the midpoinr of each bit time (soe Figure 3).

3.2.3.3.5 Data rote, The data transmission rate on the
bus shall be 1.0 measbit per second with a long term sta-
bility of -40.01 perzent (i.e., +100 Hz). The short term
stability Ti.e., stability over-a 1.0 second interval) shall
be at least 0.001 percent (i.e., +10 Hz).
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3.2.3.3.6 Word size. The word size shall be 16 bits plus
the sync waveform and the parity bit.

3.2.3.3.7 Word formats. The word formats shall be as shown
In Figure 4 for the command, data, and statu.s words.

3.2.3.3.7.1 Command word. A coinuad word shall be comprised
of a sync waveform, subsystem address, transmit/receive bit,
subaddress/mode, data word count, and a parity bit (see
Figure 4).

BIT TMS:

1 123 13 1 !51 61 i 1,110 ý 112 2 3 1•1 5116 18119120

C€MKAD WOM:

1 I I I I!

5 1 1 5 5 11

STC TRErM4AL j ~SUBAflRESS/O04 DA'TA W~ORDI

DATA WORD: ADSCt

V=uC DAZA

STATU WORD-f

SlIMC 'rEP.'NAL I
ADDUSS

e*Used only by MCC for Laternal status j•aroaticn.

F18gur 4. WORD FOPYATS
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3.2.3.3.7.1.1 Sy._ The covmAnd sync waveform shall be an
invalid Manchester waveior as shown on Figure 5. The width
shall be three bit times, with the vaveform being positive
for the first one and one-half bit times, and then negative
for the following one and one-half bit times. If the next
bit following the sync is a logic zero, then the last half
of the sync waveform will have an apparent width of two
clock periods due to the Manchester encoding.

BIT ,
+VOLTS S

SVOLTS

figure 5 CMOWMANbMD STATUS ZMC
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3.2.3.3.7.1.2 Address. The next five bits following the
sync shall be the subsystem address. The most significant
bit of the address shall be transmitted first.

3.2.3.3.7.1.2.1 Unigue addresses. The unique address
assigned to each subsystem shall be as defined in Table 2.
In order to permit the use of multiple subsystems of a given
type on a single bus in expanded system configurations, each
subsystem shall be capable of decoding a minimum of two ad-
dresses. 6e0ection of the specific address shall be determined
by the presence or absence of continuity between pins on the
subsystem input-output connector. The presence or absence of
continuity shall be established in the airplane wiring.

3.2.3.3.7.1.2.2 Universal address. In addition to its
unique address, each suosyster. shall decode and respond to
decimal address 31 (all l's) as described in paragraph
3.2.3.3.8.5. This address is used only for broadcast func-
tion comands. Separate decoding of the transmit/receive bit
and the subaddress field of the comand word is not required
when the command word terminal address field contains all ones.

3.2.3.3.7.1.2 Trensmit/receive. The next bit follcwing the
address shall be :he :ransmit/receive bit, which shall indi-
cate the action required of the subsystem. A logic zero
shall indicate receive, and a logic one shall indicate trans-
mit. The transmit/receive bit 5hall be set to a logic one
in broadcast and dedicated function command words.

3.2.3.3.7.1.4 Subaddress/mode. The next five bits following
the transmit/receive bit shall be utilized for either sub-
system subaddresses or to indicate function commands.

3.2.3.3.7.1.4.1 Subaddresses. Any value in the subaddress/
mode field other than all ones shall be interpreted by a
subsystem as the subaddress of a block of words to be received

or transmittad by the subsystem. Subaddress assignments shall
be indicated in Table 3.

3.2.3.3.7.1.4.2 Mode. A valui. of all ones in the subaddress/
mode field shall indicate that the cot-iand word is a funmction
command and that data is not to be transmitted or received.

3.2.3.3.7.1.5 Word count. The next five bits following the
aubaddress/mode ýiLeld shall be 'used to indicate either :he
quantity of data words to be sent or received by the sub-
systom or the particular function coc:-and to be executed.



Table 2 AVIONIC SUBSYSTM TERMINAL ADDRESSE

Subsystem Terminal Address

Bit 4 5 6 7 5

Time

FCC 0 0 0 z z

FMl 1 0 1 0 x

EUD 0 1 1 0 x

SHS I 1 0 0 1

R10 1 0 0 0 x

INU 0 0 1 0 x

FCxP 0 1 0 o x

CADC 1 1 1 0 2

TISL 1 0 0 1 x

NO: The 'X's" shown in the five bit binary
address field indicate connector progrmn-
mable bits (reference paragraph

3.2.3.3.7.1.2.1). In the baseline system
the bits shown as '"X's" will all be sat
to logic "zaro's." (All five bits of
the terminal address field may be con-
nector programhable.)
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Uf the subaddress/mode field contains all logic ones, the
word count field shall be decoded by the subsystem to deter-
mine the function command to be executed. If the subaddrass/
mode field contains any value other than all ones, the word
count ficld shall be decoded to indicate the quantity of
words to be transmitted or received.

3.2.3.3.7.1.5.1 Data transfer. A maximum of 32 data words
may be transmitted or received in any one musage block.
All ones shall indicate a decimal count of 31., and all zeros
shall indicate a decimal count of 32.

3.2.3.3.7.1.5.2 Function modes. The word count field shall
contain a bit pattern that identifies the fumnction o. func-
tion to be pe:forned if the subaddress/mode field contains
all logic ones. Word count field bit patterns common to all
subsystems shall be as shoant in Table 4. If a subsystem
receives a function command with the word count field all
zeros or with a bit pattern in the word count field which
that subsystom is not mechanized to execute, the subsystem
shall reset/initialize its receiver logic and respond with
its status word in accordance with the requirements of para-
graphs 3.2.3.3.7.3, 3.2.3.3.3.4, and 3.2.3.3.8.5.

Table 4 FUNCTION WORD CO•I,0DS COMMON TO
ALL SUBSYSTEMS

Word Count Field Command Inte-.Iretation

Bit
Time 15 16 17 18 19

0 0 0 C I. Reset Timor

3.2.3.3.7.1.6 Par~t.. The last bit in the word shall be
used for parity over the preceding 15 bits. Odd parity
shall be utilized.

3.2.3.3.7.2 Datt word. A data word shall be compris&1 of
a sync waveform, data nics, and a parity bit (sOh Fi~uze 4).

3.2.3.3.7.2.1 Sync. The data sync waveform shall be an
invalid Manchestcr waveform a- shown on Figure 6. The width
shall be three bit times, with the waveform bcý'.; negative

3b2
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for the first one and one-half bit times, and then positive
for the following one and one-half bit t.imes. Note chat if
the bits preceding and following the sync are logic ones,
then the apparent width of the sync waveform will be in-
creased to four bit times.

DAAWORD SYNC DT

BIT BIT

0 S

I '

Figure 6 DATA SYNC (flTVALID MANCMESTER WAVEFORM)

3.2.3.3.7.2.2 Data. The 16 bits following the sync shall
be utilized for data transmission as specified in 3.2.3.3.2.

3.2.3.3.7.2.3 Parity. The last bit shall be utilized for
parity as specified in 3.2.3.3.7.1.6.

3.2.3.3.7.3 Status word. A status word shall be comprised
of a sync vaveform, subsyvst address, failure/stacus bits,
and a parity bit (see Figure 4). Subsystems shall reset to
zero all status word failure/status bits following each status
word transmittal.

3.2.3.3.7.3.1 Sync. The status sync waveform shall be at
specified in 3.2.3.3.7.1.1.
3.2.3.3.7.3.2 Subsystem address. The next five bits follow-

ing the sync shall contain the address of the subsystem which
is transmitting the status word.
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3.2.3.3.7.3.3 Parity error. The first bit after the address,
bit 9, shall be utilized to indicate a parity error in one
or more words of a preceding message. A logic one shall.

indicate the presence, of a data word parity error; a logic
zero shall indicate its absence. This bit shall be reset
to its logic zero state upon receipt of a valid comwmd word.

3.2.3.3.7.3.4 Instr=zentation bit. Bit 10, the first bit
after the parity error bit, shall always be set to a logic
zero.

3.2.3.3.7.3.5 Data cuality bit. Bit 11 shall be used to
indicate the occurrence of a data word validation error or
errors in a preceding messags. A logic one shall indicate a
data validation error as described in paragraph 3.2.3.3.10.5.
A logic zero shall indicate the absence of any of these fault
conditions in the previously received data block. This bit
shill be reset to its logic zero state upon receipt of a valid
cousmand word.

3.2.3.3.7.3.6 Data ouantitv bit. Sit 12 shall not be used
by any subsystem acting as a renote terminal. The bit shall
be transmitted over the bus as a logic zero. The bit shall
be used for internal status information by the Fire Control.
Computer when the FCC is acting as a bus controller. A
logic one shall indicate an improper data word quantity in
a data transmission from a remote terminal. A logic zero
shall indicate proper data quantity.

3.2.3.3.7.3.7 Response bit. Bit 13 shall not be used by
any subsystem acting as a remote 'terminal. The bit shall
be transmitted over the bus as a 'logic zero. The bit shall
be used for internal status information by the Fire Control.
Computer when the FCC is acting as a bus controller. A
logic one shall indicatc thAt a remote terminal did not
respond to a comnand in the proper time allowed. A logic
zero shall indicate that a remote terminal response was
received.

3.2.3.3.7.3.8 Addressing bit. Bit 14 shall not be used by
any subsystem acting as a remote terminal. The bit shall
be transmitted over the bus as a logic zero. The bit shall
be used for internal status information by the Fire Control
Computer when the FCC is acting as a bus controller. A
logic one shall indicate that the terminal address received
in a status word did not -match with the associated terminal
address in a command word. A logic zero shall indicate that
no addressing error condition occurred.

/
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3.2.3.3.7.3.9 Breadcast function co.mpmd -eceived bit.
Bit 15 shall be used to indicate the receipu of a broadcast
function comumand. A logic one shall indicate the receipt
of a broadcast function co,-and. A logic zero shall indicate
that no broadcas: function cormmand has been received since
the previous status word transmittal.

3.2.3.3.7.3.10 Dedicated function coirrand received bit.
Bit 16 shall be used to indicate the receipt oi a dedict.ced
function command. A logic one shall indicaeu the receipt
of a dedicated function command. A logic zero shall indicate
that no dedicated function comands have been received since
the previous status word transmittal.

3.2.3.3.7.3.11 Bus 3 shutd•wn bit. Bit 17 shall be used
to indicate that a transmission on bus B was terminated due
to (1) receipt of a valid cormand word on bus A during a
transmission on bus B or (2) detection of an abnormal crans-
mission as described in paragraph 3.2.3.3.11.2. A logic one
shall indicate a transmissicn te-ination. A logic zero
shall indicate chat no transmission termination has occurred
since the previous status word transmittal.

3.2.3.3.7.3.12 Bus A shutdown bit. Bit 18 shall be used
to indicate that a :ransmission on bus A was terminated
due to (i) receipt of a valid co=oand word on bus B during
a transmission on bus A or (2) detection of an abnormal
transmission as described in paragraph 3.2.3.3.11.2. A
logic one shall indica:e a transmission termination. A
logic zero shall indicate that no transmission termination
has occurred since the previous status word transmittal.

3.2.3.3.7.3.13 Tcr--i..al stAtus bit. Bit 19 shall be used
to indicate the e.:istence of suos-ssem fault conditions
which might affect the validity of data from that subsystm.

3.2.3.3.7.3.14 Pari:-. The last bit shall bo utilized for
parity as specified in 3.2.3.3.7.1.6.

3.2.3.3.8 Message fzr-ats. The messag.s transr.itted on
the data bus shall be in accordance with the formats shown
in Figure 7. The maxi.',um and minimum response times shall
be as stated in 3.2.3.3.11.1.

3.2.3.3.0.1 Conrvillor rm su'imvstcm tronsforq. The con-
troller shall is.sue a rc•v.Ive couuw.inL folloxvd by the
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specified number of data words. TUc subsystem shall, after
message validation, transmit a stxtvi word back to the con-
troller. The command and data wc:ds #hall be transmitted
in a continuous fashion with no interword Saps.

3.2.3.3.8.2 Subsvster. to ccntroller rr'msfers. The con-
troller shall issue a t:ansmit cotwano to tho subsystem.
The subsystem shall, after veriflcatfon, transmit a status
vord back to the controller, followed by the specified
number of data words. Tbe status tnd data words shall be
transmitted in a continv.us fashion with no intervord Saps.

3.2.3.3.8.3 Subsvst_-n to subsystem transfers. The con-
troller shall issue a receiva comand to sosys•tn "A",
followed by a Lransmit coinnand to subsystem "B". Subsystem
"3" shall then transmit the data as spacified in 3.2.3.3.8.2
and subsystem "A" shall receive tne data as spacified in
3.2.3.3.8.1.

3.2.3.3.8.4 DeQicated functicn co-.mends. The controller
shall issue a dedicated ýuncz:on cocand to tha subsystem.
The subsystem shall, after execution of the action required
by the function word, transmit a status word back to the
controller.

3.2.3.3.8.5 Broadcast f..ncticn commands. The controller
shall issue a oroaccast func:ion comoand to all subsystems
utilizing the universal address specified in paragraph
3.2.3.3.7.1.2.2. Subsystems shall execute the co=n'.and
indicated in the word count field. No status word shall be
transmitted. The broadcast function word received bit
described in paragra-h 3.2.3.3.7.3.9 shall be retained for
a subsequent status word trznsmitral.

3.2.3.3.9 Transmissicn line. The data bus shall utilize,
as the transmission media, a twisted, shielded, wire pair.

3.2.3.3.9.1 Cable. The caýle used shall be a two conductor,
twisted shielded, Jacketed cable 'uith a dist-iibuted capaci-
tance of no greater than 50 picofarads per foot.

3.2.3.3.9.2 Characteristic i.-oedance. The characteristic
impedance shall be between 63 oh.ns and 77 ohms at a fro-
quency of I KHz.

3.2.3.3.9.3 Cable attenuaticzn. The cable loss shall be
1 dB/1O0 feet or less.
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3.2.3.3.9.4 Cable length. Tho cable length may be up to
300 ferc long.

3.2.3.3.9.5 Cable shield termination. The cable shield
shall be terminated to ai: vehicle ground at every break
point and the length of the termination shall not exzsed 2
inches. .Insulation resistance shall be no less than 2
megohms•

3.2.3.3.9.6 Cable tewirnation. The cable shall be couplid
to the subsystem as shown in •igure 8. A long stub is
defined as any stub greater than 1 foot in length while a
short stub is defined as any coupling cable 1 foot or lass
in length. The length of any stub shall not exceed 20 feet.
The two ends of the cable shall be terminated with a resist-
ance equal to the cable characteristic impedance.

3.2.3.3.10 Subsystem/bus interface circuits

3.2.3.3.10.1 Circuit configuration. The subsystem input/
output circuits shall contain two coupling transformers.
Isolation resistors shall be provided as specified in
3.2.3.3.10.2.

3.2.3.3.10.2 Fault isolaricn. An isolation resistor
shall be provided with a value of 54 ohms plus or minus
5 percent in series with e4ch output lead cf the subsystem
signal input-output circuit coupling-transformer. The
isolaticn resistors shall be located in the ai:craft harness
between the subsystem connector and the transmission cable.
The impedance reflected on the cable shall be no less than
103 ohms for any failuxe of the coupling-transformer or
transmitter-receiver circuit.

3.2.3.3.10.3 Subsvsten outnut charicteristics

3.2.3.3.10.3.1 Outvue oover. The subsystem signal output
circuitry shall be capable of driving the cable specified
it 3.2.3.3.9.1 and not less than 33 other subsystem inputs,
as specified herein, each attached to the cable by means of
a cable stub of length specified in 3.2.3.3.9.6. The output
circuitry shall maintain the specified operation with the
exception of a 25 percent maximum reduction of the data bus
signal amplitude in the event :hat one of the subsystems has
a fault that causes it to reflect the fault impedance speci-
fied in 3.2.3.3.10.2.
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3.2.3.3.10.3.2 Output voleace. The subsystem signal output
shall be +12 volts ±10 percent peak line-to-lLne when measured
at the subsystem connector (point "B" on Figure 8). (This re-
quLrement should be otsted with the subsystem operating into a
143 ohm + 1 percent resistive load.)

Subsystem vwih short stub

ITRANSxnTTE£R/RECZ~r£=

Subsystem witth long stub

Figure 8 DATA BUS INTERFACE
/

//
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3.2.3.3.10.3.3 Output waveform. The waveform seen aC the
point specified in 3.2.3.3.10.3.2 shall be as specified in
3.2.3.3.4. The rise and fall times of this waveform shall
be 120 nanoseconds, plus or minus 80 nanoseconds, when
measured at the 10 percent and 90 percent points of the
signal voltage limits specified in 3.2.3.3.10.3.2. Any dis-
tortion of the waveform including overshoot and ringing
shall not exceed 1.2 volts peak-to-peak, line-to-line, as
is sured at the point specified in 3.2.3.3.10.3.2.

3.2.3.3.10.3.4 Output noise. Any noise transmitted to the
data bus when the subsystem is receiving, or has power removed,
shall not exceed a value of 40.0 millivolts peak-to-peak, line-
to-line, as measured at the point specified in 3.2.3.3.10.3.2.

3.2.3.3.10.4 Subsysten invut characteristics

3.2.3.3.10.4.1 Inout waveform cotacibilitv. The subsvstem
shall be capable of receiving and operair•g with the Incoming
signals specified herein, and shall accept waveforms varying
from a squarewave to a sine wave. The subsystem shall
respond to an input signal whose positive or negative peak
amplitude, line-to-line, is within the range of 4.0 volts
to 0.6 volts. The subsystem shall not respond to an input
signal with a positive or negative peak amplitude, line-
to-line, within the range of 0.45 volts to 0.0 volts. The
subsystem shall operate as specified in 3.2.3.3.10.4.2 with
an input signal level in the range of 4.0 volts to 1.5 volts
peak, line-to-line. All voltages are with respect to the
subsystem input point cited in 3.2.3.3.10.3.2.

3.2.3.3.10.4.2 N:oise rejection. The subs stem shall e.hibit
a maximum bit error rate of cne part in 101, prior to the
validation checks specified in 3.:.3.3.10.5, when operating
with a signal-to-noise ratio of ÷14 dB. The signal-to-noise
ratio shall be determined wi:h +1.5 volt peak, line-to-line
sync and data signals as specificd herein, and with white
gaussian noise distributed over the frequency band of 1.0
KY3z to 4.0 1hz. All measurements are relative to the sub-
system input point specifieo in .2.3.3.L0.3.2. For purposes
of computing bit error rate, each failure of the subsystem to
make a bit decision and each incorrect bit deciston, i.e., a
logic one interpreted to be a logic zero or a logic zero inter-
preted to be a logic one, shall be counted as a bit error.
(Testing of this requirement snall be accomplished with a +1.5
volt peak, line-co-line signal having the rise time character-
istics specified in paragrapn 3.2.3.3.10.3.3 and additive white
gaussian noise having an RMS amplitude of 300 millivolts.)
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3.2.3.3.10.4.3 Common mode reiection. The subsystem shall not
respond, i.e., the subsystem Logic shall not indicate chte re-
ceipt of sync or data bits, when any signals from dc to 2.0 %Mz,
With amplitudes equal to or less than +25.0 volts peak, line-
ground, are applied at point A of Figure 8. Any signals, with
amplitudes equal to or less than ±50.0 volts peak, similarly
applied, shall not damage or permanently impair the operation
of the subsystem.

3.2.3.3.10.4.4 Input impedance. The subsystem input imped-
anst, when the subsystem is not transmitting, or has power
removed, shall be a minimum of 2000 ohs within the frequency
range of 100 lMdz to 1.0 MHz. This impedance is that measured
line-to-line at point '3" of Figure 8.

3.2.3.3.10.5 Data validation. Logic shall be provided in
each subsystem to recognize ismproperly coded signals, data
dropouts, or excessively noisy signals. E.ach word shall
conform to the following minim•= validating criteria:

a. The word begins with a valid.sync field

b. The bits are in a valid Manchester I1 code.

c. The word has 16 bits ;!us parity.

d. The word parity is odd.

Where a word fails to conform to the preceding criteria,
the word shall be considered invalid and shall not be used
by the receiving subsystem. If an invalid word sync occurs,
or if the number of words in a received data block is dif-
ferent from the value encoded in the word count field of
the conmmand word associated with the data block, the sub-
system shall inhibit its scat-as word transmission and reset/
initialize its receiver logic.

3.2.3.3.11 Termi..l coerarion. Each avionic subsystem shall
operate in response to corl-a.'s received from the bus con-
troller. Datn transferred from the controller to the sub-
system shall be held on a message basis un:il the last data
word is properly received by the subsystem, at which time
the entire block of data words shall be utilized by the
subsystem. Subsystems containing a central memory element
may store the data words of # message in that central memory
and indicate 3ny errors to the processing element cf the
subsystem if such errors should occur. The subsystem shall
be capable of receiving a commnrd word at any time on a bus
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except when it is transmitting on that bus. A second coemand
word sent to a subsystem after it is already operating on om
shall invalidate the first command and cnusc the vusbVOytW to
begin operation on the second command. Receipt of a valid
command word (including a broadcast function command word)
shall reset/initialize terminal logic, i.e., it shall clear
any previous cov-mand co the subsystem to receive data which
has not been executed.

3.2.3.3.11.1 Response time. The subsystem shall respond to
a valid transmit data co-=and during the time period 2.0 to
5.0 microseconds after receipt of the last bit of the command
word except for the condition described in 3.2.3.4.2. The sub-
system shall respond to a valid receive data command during
the time period 2.0 to 5.0 microseconds after receipt of the
last bit of the last data word. The subsystem shall respond
to a valid dedicated function command during the time period
2.0 to 5.0 microseconds after receipt of the last bit of the
command word except for the condition described in 3.2.3.4.2.

3.2.3.3.11.2 Subsystem interface fail-safe ooerstion. The
subsystem shall contain tý.e solf-cest circuitry necessary to
detect erroneous transmission of data on to the data bus.
This circuitry shall include a transmission time-out which
will preclude signal transmission periods of excessive dura-
tion. When the self-test circuitry detects any such erron-
eous transmission, it shall automatically shut down the trans-
mitter portion of the subsystem during the time period 0.66
to 1.0 milliseconds after the transmission was initiated.
The transmitter shut down shall be reset following receipt
of a valid comand word on the shut down bus.

3.2.3.3.11.3 Time coherence. Each subsystem shall be
responsible for maintaining the tiLie coherence of information
it transmits over the bus. The subsystem design shall pro-
vide mutually consistent sa=ples of information and deter-
ministic transport lags.

3.2.3.3.11.3.1 Samnle consistency. The subsystem design
shall ensure that messages transmitted over the bus by the
subsystem contain only mutually consistent samples of in-
formation. Different words used to transmit multiple pre-
cision parameters shall all be members of the same sample
set. Functionally related parameters updated at the same
rate shall all be members of the same sample set. Suitable
buffering and transmission control logic shall be provided
to prevent the transmission of a par•:all7 updated message
that would contain mutually inconsistent data.
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3.2.3.3.11.3.2 Transoort lax. The subsystem design shall
provide for the trans-issicn of data with deterministic
transport lags. Since an individual subsystem cannot con-
trol the transmission time of information over the bus, it
shall (1) provide time tags that can be used to determine
vhen a set of parameters was sampled or a message established,
(2) accept synchronizing funccion word commands from the bus
controller and maintain a repeatable operation sequence, or
(3) use a combinaticn of time tagging and synchronization to
establish deterministic transport lags. Unless specifically
excepted by General Dynamics, each subsystem shall provide
a 16-bit timer in the subsystem that can be used to time tag
designated parameters or messages. The timer shall have a
resolution of 64 microseconds per count and shall be capable
of being reset by a function word coammd.

3.2.3.4 Redundancv. The avionic serial digital interface
architecture shall be as depicted in Figure 9. Dual redun-
dancy shall exist in (1) the transmission cables, (2) the
interface electronics of each avionic subsystem, and (3)
the bus control function.

3.2.3.4.1 Transmission cables. Two separately routed trans-
mission cables having che cnaracteriscics specified In
paragraph 3.2.3.3.9 shall be utilized to provide signal path
redumdancy.

3.2.3.4.2 Interface electronics. Each subsystem having an
avionic serial digital data bus interface shall be capable
of receiving command words over either of the two buses
and transmitting/receiving data over either bus. A subsystem
shall respond to commands to transmit or receive data only
over the bus on which a coiexand is received. If a subsystem
is transmitting daca on one data bus and a valid transmit/
receive cormand is received cn the other bus, the subsystem
shall term-inate its ccnrunication on :he first bus and
respond to the cortnand receivod on the second bus. When a
subsystem is commanded to cerminate a co-unrmication, it shall
do so word synchronous. That is, turn off shall occur at the
end of a word, not mid-bit or mid-sync or mid-word. In this
mode, if a subsystem response is expected, the response gap
time may be as long as 25 microseconds following the command
word. Command words transmitted over both buses will not
overlap.

8-32



1-44

0.

w W..

".4

tIl

8-33



3.2.3.4.3 Bus controllers. The primary bus control fumc-
tion shall reside in the Fire Control Computer. In the event
that the Fire Control Computer becomes unable to perform bus
control, the inertial Navigation Subsystem shall assume the
responsibility for bus control. A discrete from the Fire
Control Computer to the Inertial Navigation Subsystem shall
indicate when the inertial 1:avigation Subsystem is to per-
form the bus control function. The discrete logic shall be
such that when the Fire Control Computer is disabled (powered
down) the Inertial %Avigation Subsys ten is commanded to per-
form bus control.

3.2.3.5 Bus control. The bus control function shall be accom-
plished by either the Fire Control Computer or the 1hertial
Nvigation Subsystem as specified in paragraph 3.2.3.4.3.
The bus control function shall (1) supervise all serial
digital data transmissions and (2) manage the data bus redun-
dan•y.

3.2.3.5.1 Transfrission suopryision. The bus control func-
tion shall initiata all cotm.unication sequences by issuing
coimmand words over the data bus requesting subsystems to
transmir or receive data or to execute special functions.
The seo-- ce of tnese commands shall be established by opera-
tional si F.ware in the subsystem providing the bus control
function. Voe bus control function shall also monitor each
communication sequence and initiate corrective action for
command words which are not properly executed.

3.2.3.5.2 Redundancv manatement. The bus controller shall
manage the serial digital data bus redundancy. The bus con-
troller may use one bus for all cormunicacions or it may
interleave cornunicaticns on the two buses, i.e., complete
a communicacion on one bus and use the other bus for the
next cormunicstion.
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3.2.4 Standard Discrete Signal Interface Definitiom. The
characteristics of standard Low Level Complementary and High
Level discrete signals are defined in this sectiom.

3.2.4.1 StandarA Definition for Low Level Complementary i•e
cretes

Drive. (See Figure 10)

Type: Differential

Voltage: Differential - +2.0 volts
Logic "' output- - +2.4 to 5.5 VDC Q1 I -10m
Logic "0" Output - .4 VDC maximu @ LGE 20ma

Output Impedance: Active, 15-30 ohms typical

Short Circuit Protection: Infinite duratios short to
ground.

Output Noise: The driver while under normal load Imped-
ance (i.e., receiver connected) shall not generate any spuri-
ous outputs greater than +450 NVDC differential for =ore than.
200 microseconds when in The process of being turned off or
turned on.

Output Low-clamp Voltage: -1.5 VDC max C TOC - -40 ma

Receiver (See Figure 10)

Type: Differential

Voltage: Logic "1" input - +2.0 VDC differential min
Logic "0" input - -2.0 VDC differential min or

open Circuit or powered dcwn driver having the characteristics
above

Input Load Current: 2.0 Ma maxzi=m

Filtering: The receiver shall operate normally without
degradation within all the EMC requirements (including par&-
graph 3.3.2.2(a)) of the CEI specificetion. The logical delay
caused by the receiver filtering to meet this requirement shall.
be subject to General Dynamics approval and shall be specified
on the interface sheet for each individual signal. in addition,
the spurious output produced by the driver and having the char-
acteristics stated above for the driver shall not produce false
triggering of the receiver.
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Inimt Protection: The receiver shall not bo damaed by
a short circuit on tht: input to ground.

3.2.4.2 Standard Definition for Hith Level Sinule Ended Dis-
cretes. The characcuristics of high level single ended dls-
traces are described below and in Figure 11:

Receiver

Type: High Level

Voltage: Logic "1" input - The receiver shall operate
normally, i.e., produce a logic "I" when the input "lta&e is
in the range of 22.5 volts min to 30 volts max.

Logic "0' input - open circuit

Input Load Current: 6 ua maxiwzum

Input Protection: Short circuit to ground

Input Logic "0" voltage: This voltage which appears at
the input of each receiver during open circuit shall be nomi-
nally 0 volts (.5 volts maximum). Ocher receivers having the
above charac:eristics may be connected to the same input (see
Figure 11). This condition shall not degrade the performance
of any receiver connected to the line.

Filterint - The receiver shall operate normally vithout
degradation for any transient input voltage spike of less than
50 microseconds duration within the limits of paragraph 3.2.7
of MIL-E-6051D dated 7 September 1967. The receiver shall also
operate normally within all the EMC requirements (including
paragraph 3.3.2.2(a)) of the applicable item specification.
The logical delay caused by the receiver filtering to meet this
requirement shall oe subject to GD approval and shall be speci-
fied on the interface sheet for each individual signal.

Transients - The receiver shall not be damaged for any in-
put voltage spike ji:nin limits 1 and 4, Figures of MrL-STD-
704A, dated 9 August 1966.

3.2.5 Electrical Connectors. Electrical connectors shell be in

accordance wit 16?P008 "Electrical Connector Selection and Re-

quirements for the F-16", 17 March 1975.

3.2.6 Circuit Classification Recuire.ents. This subsection
contains circui classi iicacions and grounding, shiclding. and
wire ;rouping requirements for all signal types contained within

3Y7
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the 7-16 systet. These requirements, in addition to the require-
mnts of MZL-W-5088E end MIL-E-5400P,must be met within aU
equipment as well as the airframe to be compatible with alec-
tromagnetic requirements. Wire and cable grouping vithin
equipments shall be such that airframe wiring may coply with
the following requirements.

3.2.6.1 Circuit Tvye Definition. Aircraft wiring is made
up of individual wiring circuits combined 'into wiring harnesses.
These individual circuits will range from the simplicity of
a system's power input to the complexities of multiplezing.
Some of these typical aircraft circuits are defined and de-

scribed below.

1. A. C. Power Circuit - Any circuit in which 115A00
volt 400 hertz power is supplied by the aircraft or groind
power sources.

2. D. C. Power Circuit - Any circuit operated by D. C.
voltage with the current in excess of 1/2 ampere.

3. A. C. Control Circuit - Any circuit in which A. C.
power is used for control purposes.

4. Audio Circuit - An audio frequency circuit is defined
as a cl. uit carrying information in the frequency rage of
from 0 to 15,000 hertz.

5. Video Circuit - An extremely wide band inforaution
circuit.

6. Synchro Circuit - A circuit which transmits three-
wire- variable-voltage shaft position signals between synchronous
devices.

7. Discrete - A circuit for the purpose of trasmidttin
a single valued word.

8. Analog Circuit - A circuit for AC or DC variable vol-
tage signals.

9. R. F. Circuit - A circuit operating in the frequency
range above 15,000 hertz.

10. Digital Circuit - A circuit which transmits a series
of information bits at a predetermined voltage amplitude.
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11. ?Ultiplexing Circuit A circuit used to transmit a
large quantity of signals over a single path by using time
sharing and/or frequency division methods.

12. Weapons Control Circuit - A circuit transmitting
signals that arm and/or release weapons.

13. Antenna Circuit - A circuit carrying high level R. F.
signals to be transmitted outside the airplane or low level
signals from the antenna to a receiver. These are usually
coaxial cables.

14. Secure Communications Circuits An information cir-
.* icut from which undesired signal data emanations are reduced to

the point that unauthorized iniormation detection is not pos-
sible.

15. AMAC Circuit - A circuit defined by Sandia Drawing
185475.

3.2.6.2 Circuit Classification. Each circui. in the airborne
weapon system snail be considered in terms of a specific

classification. The ciastificacions shall be eLtablished on
basis of the closest similarity to one of the types described
in the following paragraphs.

3.2.6.2.1 Class I - Power and Control Circuits. This classi-
fication includes pri:ary A. C. power circuits, D. C. power
circuits, switching circuits, and any other interference pro-
ducing circuit not susceptible to power line frequencies and
transients.

3.2.6.2.2 Class 11 -High Level Susceptible Circuits. This
classification includes audio circuits, video circuits, synchro
circuits, digital circuits, and other semi-high-level signal
circuits.

3.2.6.2.3 Class I_! - Low Level Suscevtible Circuits. This

classification includes low level analog circuits and other
low level susceptible circuits.

3.2.6.2.4 Class IV - Antenna Cables. This classification in-
cludes any cable carrying an R. F. signal to an antenna for
transmisslon from the aircraft or carrying a received signal
from an antenna to a receiver.
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3.2.6.2.5 - Class V - Electro-Exolosive Device Circuits. This
classification includes all circuits used to eonergiz/datonate

electro-explosive devices.

3.2.6.2.6 Class VT - A•AC Circuits. All nuclear weapon cir-
cults defined by Sandia DrawLng 185475 shall be isolated from
all other circuits.

3.2.6.2.7 Class VIT - Secure Circuits. A secure circuit is
an information circuit from which undesired signal data emana-
tions are reduced so that unauthorized Information detection is
not possible.

3.2.6.3 Wire Grouoint. Wires in each of the above circuit
classifications should be grouped together into harnesses.
To maintain maxi--um isolation between different cir-uit classi-
fications, the di~farenc circuits should terminate at the avionic
units and intermediate points in separate connectors. If it be-
comes necessary to include more than one circuit class in a
sing~le connector, each class w,.ill be separated by a raw of

&round contacts. Class VI and VII circuits should not be routed
through connectors with wires of any other class.

3.2.6.4 Airfrarme Cable Routinr. In the interest of elisinating
cross talk and co-cnannel interference from coupling of signals
bacweea wires and ,arnesses. it is mandatory to maintain the
proper degree of isolation between different circuit classifi-cations. In wiring layout and routing, the maximum practical
separation must be maintained in accordance with the gcneral
rules described below. A two-inch separation between cable
types is arbitrarily set as a minimum design goal.

3.2.6.4.1 Power and Control Circuits. Roucing and channel-ing of power circuits shall maintain maximum spacing from low

level circuits. If multiple A. C. power sources are available,
a complete set shall be provided power from only ot.e of these
sources.

3.2.6.s.2 High Level Susceotible Circuits. High level suscep-

tible circuits shall be isolated iron power and other high level
interference circu.ts. Low level interference wiring way be
routed with high level susceptille circuits, providing isola-
tion is maintained through the proper shielding and/or twisting
of wires.

3.2.6.4.3 Low Level Susceotible Circuits. Low level suscepti-
ble circuits shall be isolated from power and other interference
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circuits. Low level susceptible circuits may be routed with
lw interference Class II circuits provided proper isolation
is maintained through use of shields, shield terminations,
and connectors as described in this document.

3.2.6.4.4 Antenna Cables. Antenna coaxial cables shall comply
vith the requirements of MIL-W-5088E(i.e., they shadl be separ-
ated from any ocher antenna cable or cable group).

3.2.6.4.5 AMAC Circuits. AMAC circuits shall be isolated
from all other circuits carrying electrical power. In the
routing of AMAC circuits, ma"'im spacing shall be maintained.
Connectors used for AFAC circuits shall be such as to preclude
any mismating to any other circuit connectors.

3.2.6.4.6 Secure Circuits. Secure circuits shall be ccmpletsly
isolated from all ocher aircraft wiring.

3.2.7 Electromarnetic Interference and Cono•tibilLrv. The
subject equipment snall be designed to meet MlL-STD-461A, No-
tics 3, ard shall be te3ted in accordance with MV7.-STD-462,
Notice 2. The EMC plan in accordance with MIL-STD-461A(3)
shall be the controlling document for EMIC design.

3.2.7.1 Design Reuire-nents. The generation of and suscepti-
bility to electromagnet;.c i.ncrrference shall be controlled in
all units of electri-al/electronic equipcent. These units shall
met MIL-STD-461A, Notice 3 requirements as specified and/or
modified below. The specific requirements and modifications ofe
MIL-STD-46LA and Notice 3 are as follows:

TEST METHOD

CEol (7) CS02 CS06 RS03

CE03 (1) CS03 (2) RE02

co06 (2) CS04 (2) LEo3 (4)

S01 CS05 (2) RS02 (5)

The numbers in parentheses above refer to the notes which follow:
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(1) Change frequency range to .10 141z to 50 MI:. Data
shall be collected from .014HHz to .10OMz for information pur-
poses only.

(2) Applies to cowunication ard radar equipment only.

(3) Deleted

(4) Applies for radar only and only in the frequency
range from 8 G0z to 15 Ciz.

(5) The procedures and limi;s of Method RSO2 (a) and
(b) shall apply except that the voltage E of Part (b) shall
be 400 volts across 5 ohms.

(6) Deleted

(7) This test shall be performed for data purposes only.

In addition, the following EMC requirements shall apply.

1. Transient (in5ulse) s-_-sceotibilitv. No change in
indications, mairunction, or ceiraca:ton oi ;erfor--ance shall.
be indicated in any equipment and/or its load when exposed to
an impulse type electromagnetic .!eld generated by a type
?625271 relay (or an acceptable equivalent) when wired for
continuous operation with a switch in series with the positive
side of the line from a 28 volt DC power source. No suppression
components (shielding, diodes, etc.) shali be attached to the
relay or its wiring. :he unshielded positive lead leaving the
switch shall be laid over three sides of the test sample and
then connected to the relay. The unshielded return lead from
the relay shall be taped to and in parallel with input power
leads, signal leads, and interconnecting leads. Tae total length
of each external wiring harness paralleled with the relay cir-
cuit shall not be loss than 60 inches. The 28 volt input shall
be reversed and the transien: repeated.

2. Manetic susceotibility. Display equipment shall not
be afrected by a magnecxc .- od Which has a magnitude of 4 gauss
at the equipment envelope and a gradient of 20 gauss per foot.

3.2.7.2 Bonding. All electrical and electronic units shall

have a designed bonding interface and this interiace will be

shown on ICDs. Each unit shall exhi.ic a DC impedance of 2.5

millioh=s or less from the unit case to the aircraft structure
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9. FUTURE MODIFICATIONS

For production, the following systems and modifications may be incor-
porated:

0 ECPO036 - Compass Sail/Compass Tie (ALR-69)

. ECPO076 - Relocation of Fire Control/Navigation Panel (after
"x30 aircraft)

* Airborne Video Tape Recorder

* AN/ARC-186 - VHF - AM/FM Radio Set

* High Technology Ejection Seat

* PAVE PENNY Group A provisions (no impact on avionics space --

pylon-mounted)

The following systems have been mentioned as possible additions to
the F-16 aircraft, but no definitive plans have been formulated and no
space-power-cooling factors are defined for the F-16.

"* Engine Diagnostic System - in PMD as a growth system

"* Global Positioning System - in PMD as a growth system

"* Joint Tactical Information Distribution System - in PMD as a
growth system

" Internal Electronic Countermeasures - decision on implementation
is expected shortly. Form-fit-function factors could be frozen
by 1981 to 1982.

" AIM-7 Radar Missile - in PMD as a growth system. (Requires CW

illuminator box space in avionics bay.)

"° Airborne Laser Designator - in PMD as a growth system

"• SEEK TALK UHF Radio Improvement

Data relevant to these possible changes are given in Table 9-1.
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Table 9-1. AN/ARC-le6 - VHF - AN/FM RADIO SET

Description

For the production F-16 aircraft, the AN/ARC-186 VHF - AM/FM
radio set will be supplied rather than the AN/ARC-115 VHF-AM
Radio Set. The only technical description available on the
AN/ARC-186 is:

Frequency Band: 30 to 88 MHz FM
108 to 115.975 MHz FM - receive only
116 to 152 MHz AM

Power: Input: 28 Vdc to 50 W maximum. - receive mode
28 Vdc to 150 W maximum - transmit mode

RF: 10 W - both bands (16 W maximum on FM)
Lighting: 5 Vac or 28 Vac

Sensitivity: 0.5 microvolts FM at 10 dB s/n

Weight: <9.0 lbs.

Specification: ENAC Technical Exhibit 77-25

Antenna: To be developed (adds extended frequency range for
VHF-FM band)

Physical Data: Dimensions are the same as AN/ARC-164 and
AN/ARC-115

Interface Schematic: Same as AN/ARC-115
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10. DATA SOURCES

The following data sources were used to compile this saumary:

0 T.O. 1F-16A-1, Flight Manual, 8 July 1977

0 F-16A Aircraft Configuration Data for JTIDS, 10 February 1978

* Preliminary JTIDS Configuration Data Analysis, May 1978

0 GPS Phase II User Equipment Interface Requirement for the F-16A
Aircraft, 15 November 1977
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1. INTRODUCTION

This document contains configuration data relating to the integration
of additional avionics into the F-111A aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.
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II

2. COCKPIT SPACE

Figures 2-1 threugh 2-3 depict the consoles and instrument panels for
the F-111A. The available F-111A cockpit control panel space is very
limited, and several modification programs will be competing for control
panel space.

As shown in Figure 2-1, there is a 5-5/8 inches high by 5-3/4 inches
wide blank panel in the left console. This blank panel is located between
legend number 1 (Left Station Oxygen-Suit Control Panel) and legend number
3 (Interphone Panel). According to GD document FZM-12-13968, page 40,
Figure E-7, a portion of this panel space is reserved for Data Link.

Certain configurations of the F-1lIA have some blank panel space in
the right console, rather than the full complement of camera and ECM
control panels, shown as legend numbers 24 through 28 in Figure 2-1. GD
document FZM-12-13968, page 40, Figure E-7 identifies growth space in the
right console.

The AN/AJQ-20 Bomb Nay Control Panel, legend number 17 or Figure 2-3
in the Right Main Instrument Panel, will be replaced by a smaller Digital
Bomb/Nay Computer Control Panel. PAVE TACK is a competitor for the new
space generated by this change.

/
/

2-1 ' /



'~17

*Sce0IF-llAis

LetSa14Oye-ut oto ae 5 i 48 4 Srk aeaCnro s-l(e i .4
2.~ ~~~~~~~~ .lec.ica Pow..e..Pe...Se.fg...5....5....Co ..o.Pne

Oxygn Gaa Pnel Seefig 49)(83 6 *MRS ontol Pi19
13. napoaPnl()Safg15)2 CO ot ae

4. AxilaryFl-e Cntrl Pnel(Se fig1-2) 2 *EM Pd Cntrl P~ne I%
1.2 ih oto wthPnl(e . 9 SoeCmr oto ea Sefg18 8

6. At op l t D m e a e Se i 3 )2 E M D e t u t C n r lP-

7. Left Sidewall (Sea fig 121). 30 us nto ae S i
S Thotte Peal 2) Ste ig .4 31 ACA CotrolPeni (ee fg 1-21

9 M4elnau Swtc Pae Te4h.1- 32 4SCnrlPne S i -0

10.~~~~ ~~ Auilar Gag Pae'-af32-7 3 Fe CnrlPnl ~efgI

18. ~ ~ ~ ~ ~ ~ ~ ~ e7 Canopy Ai oii~inn 2ot~l~il~e i 3 8

16 Tohera Cutation (2)o- i 37nro Aae Sifg14) 2 tike Condtioin Conitrol Pemrot (Sop fog 1-413 h

17 Cnp2etr.emAaml Electrical CoitTestolntfnale (i5,-51 1l925I - IConrol(an)
18 y~ a gne ic Po n elas 38o fi1FF1(E 6 C Control Penrot~e i 2 A

193 iht. i lridtrumant Panel (Se;S e fig 1 -58) 27 ECMCPo Control Painel ~
20. Auiarmame t-Slet Pontrl Pavl(See fi g 1-68 0( ) 39 ElctiPod Controla 12)al A

5. eapons Control wic Panel ISee fig 1-1 (9) 40 cAnenn CooSelct r Pa nel ( Se e f ig 1-633 (E

21 Tihrotl Sdewal (2 See fig 1-4S) 41 TCNd Controld Poeh/ni-lsn f o.-o Pae ASai911-4

22. Attilac y GadagCnto Pane ) (See fig 1-178) 42 ue Comp~ ntrol Panel (S; ee- 1. 33

23. SofF Ronadio e tiueIdctr3 Control Panel (Sea figs 1-84o)156

FigurnaeCnpyLac Hanler CREW STAIO GEE~loica ARA!oEMEN (TYPi~ iC *A1) f4

1 3, LetMi2ntuen-2e Sefg1-1IFCmiiPne F i -2



.77

232

33

/Z

/.siA3
~ 0 @66 4

1 fnn@ Fre uslsufin Wo.33
16 eT 9 77,nC.,inLnpPn31 gle ocsner.

2. Fselge " P~b.'on 17 Led Ca'p~,~gOptwl 5i'sord 32.E~'gne urbne nl 4

LWP ~ ~ ~ ~ ~ ~ ~ A Coto anl mg 9T0ertr6ndctr
3. Aen'Oistare/F~e Dtec ~ S. pperWar.,. an Co~.on33.Engs. ~solFl0 , idict41
Swlcs.Ln~ Pnl 4.Fn~e ozl Puiic n0 -tn

d.~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~3 0'enlSt. ~ ~ 1 nertdF~MIs~net, 3 niePesr ai niaos

5.~~~2 0es n 2e9 C o t o a e S e i4 25 6 E n ~ n 0 1 P e ,. , ~ d c t

I. Let ongin g Fire Caution Parnil2ng.. li
1

Sn. A ,i~.~gto
Irdimns. 1 :4M in C .%n LipPa* 39 01 E untite Inichomm orb.

2. Suee s C Fnired Athb Wringud1 7n~oo 23 Rudo C pat,nre Ot ica Sin ght or. 32. EnineTr bin epe l ighut s
La.mW.ng Sweep FlPp/01t P.,ition ' 89'.T2mStrature, Indieatols.

oI U icag/ieDtc et1.Lpper Warning and CuviiPaeo5.Rdr ~ ~.W r ,n 3o3. Enin Fuelag Fulo Qunil ndicat rs
=2 . Lui~tit oto 6 onr,p poa~o nel 34. Fuiie Nzl e Quan tiy , IndicatoT estuls.

4a. AxIr/or Slt* Jeis oneSic ~ 2 ol Nuft 19t),ro* Foto istuents,' 435 Engin/el~tFuel Quantity Indlicalors.

(Seed C aTO r. IFI ( A12) 21 C ý ISvoP v-Indicator. 38 Fuel Quantity Indicator Seleto
7d. Inirunrentc SystemCuper. 28 TN.,.l 'ht- ' Sl-nu pA, .J- n BKno

1S. winng GeipFlpSa t Position Indicator 24 TShol W, tinom lKnb
1 LempW rine ndCuio .. 30 25 i I 'zr Co, AI o-nq.,p 41Puslae ue Q uaniyIdpw s.

11 Vame Figunrel 2-2. L 26 MQSf n'j..' jAMEW 42.E ( ueT QaniCAL) klirTetII



a'S

o_ I

0 D4)u

4o' elk '

4 64'F~~ ~ u~' .

112- 4t



3. AVTONWCS SPACE

Current and future F-1liA space availability are detailed in the 72E
Summaries, (Table 3-1 and Figure 3-1). The one space that exists currently
is under door 1202; the dimensions of that space are 8.26" x 12.0" x 18.0",
for a total volume of 1.08 ft 3 . Other space possibilities (contingent on
equipment modifications) are also outlined in the F 2 E summary.
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4. ELE CTRICAL POWER SYSTEM4

4.1 Introduction

115/200 volt, three phase, 400 cycle ac power and 28 volt dc power are
provided for the electrical power system in the F-1lIA. This power is

generated by two 62.5 kVA ac generator drive assemblies, one mounted on
each engine. These generators are supplemented by two 150 AMP transformer

rectifier units that convert the ac power to 28 volts dc. An aircraft
battery supplies 28 volts dc to the battery bus and the dc start busses.
The electrical power system consists of the following systems:

* Main ac power system

. External ac power and monitor system

. Emergency ac power system

0 Dc power system

4.2 Power Requirements

In the F-lllA, there is a basic avionics electrical power requirement
of 40 kVA.

4.a Power Generation and Distribution

The main sources of electrical power are 62.5 kVA indirect drive
generators. The control units for these generators are in the forward
equipment bay. The electrical power distribution system has three ac
busses: A left main ac bus, a right main ac bus, and an essential ac bus.

4.4 EmergencSy ac Power System

The emergency ac power system provides electrical power for operation
of safety-of-flight equipment in the event the main ac power system fails
or hydraulic power is applied to the aircraft without electrical power, or
both. The emergency ac power generator is operated by the utility
hydraulic system.

4.5 DC Power System

The dc power system supplies the aircraft with the necessary 28-volt
direct current power. The main dc power system uses two ac-to-dc power
converters to supply the main and essential dc busses. The aircraft battery
ensures that standby power is available to power engine starts, aircraft
position lights, and pylon refuel/defuel valves without external power units.

/

4-14/2

/A



5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The Environmental Control System (ECS) provides temperature controlled
air for the cockpit and a temperature controlled flow of cooling air to the
forward electronics bay and to the weapons bay. The ECS operates by ducting
hot air from the sixteenth stage compressor of each engine through two
air-to-air heat exchangers, an air-to-water heat exchanger, and a cooling
turbine. The cooling turbine further cools the air to temperatures suit-
able for the cockpit and electronic equipment bays.

5.2 Cabin Air Conditioning

Cabin air conditioning is governed by a temperature controller that
receives signals from temperature sensors and a cockpit control panel. The
temperature controller allows hot air to mix with the cooled air stream to
obtain air at the cockpit-selected temperature. Conditioned air flows from
the cabin into the forward equipment bay.

5.3 Equipment Air Conditioning

Electronic equipment that is cooled by the ECS is grouped in the for-
ward equipment area, cabin equipment area, aft(check) equipment area, main
landing gear wheelwell area, and tail electronics area. The equipment is
cooled by both area cooling and forced-air-flow cooling. Area cooling is
achieved by supplying cold air to the equipment area as required to main-
tain the temperature at 1500 (± 10') F. In addition, a cold air flow can
be forced over or into a single component or group of components.

5-1



6. CURRENT AVIONICS

Tables 6-1 through 6-27 contain LRU data relating to the F-1lIA
avionics systems that make up the current or near-term configuration. Where
no entries are shown, the data were not available for this report. Data
pertaining to future avionics modifications are presented in Section 9.
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7. ANTENNA LOCATICOS

Figure 7-1 shows the approximate locations of the antennas on the

F-1lIA. Antenna nomenclature from current technical orders is as follows:

Antenna Nomenclature or Part Number

1. Glide Slope Strip 12Z519-7
Glide Slope Plate 12Z517-1

2. ADF AS-909/ARA-48
3. IFF (Upper) and UHF Data Link 11D020100-6
4. Radio Beacon Set AN/URT-27 or -33
5. UHF No. 1 and TACAN Upper 11D020100-6

6. HF Dorsal 12T501-807
HF Vertical 12T010-849

7. IFF Lower AT-741B/A
8. Localizer (2) TBD
9. Low and Medium Frequency Radar LH Installation 12E2239-5

Homing (4)
10. Forward Radar Warning (2)
11. High Frequency Radar Homing (4) RH Installation 12E2239-6
12. Terrain Following Radar (2) AS-2136/APQ-110
13. Attack Radar AS-1749/APQ-113
14. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1
AN/ALQ-94 ECM No. 7 12E2909-1

15. Radar Altimeter LG81G3
16. AN/ALR-62 311190-1
17. AN/ALQ-94 High Band Wing Glove (4) 12E2989-1

AN/ALQ-94 Medium Band Wing Glove (2) 12E2987-1

AN/ALQ-94 Low Band Wing Glove (4) 12E2988-1

AN/ALQ-94 Mid Band, Transmit Wing 12E2999-1

Glove (4)

18. AN/ALR-62 (2) 12E2982-1

19. Aft Radar Warning (2) 12E805-1

20. AN/ALQ-94 ECM No. 9 LH Assembly 12E2910-1

(3 antennas per assembly)
AN/ALQ-94 ECM No. 9 RH Assembly 12E2910-1

(3 antennas per assembly)
21. UHF No. 2 and TACAN Lower 11D20100-3

22. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1

AN/ALQ-94 ECM No. 7 12E2909-1

23. Marker Beacon 16D00500

7-1
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8. INTERFACE DATA

This section contains examples of interface signal characteristics.
These data were extracted from applicable sections of the Interface Control
Documents (ICDs) for integration of GPS user equipment in the F-1lIA air-
craft. Each sheet discusses a particular signal. The top line contains
"the signal name, type of signal (digital, analog, descrete, or synchronous),
signal source and load, and whether the signal is an input or output of the
"GPS user equipment. A functional description follows, together with a
description of the signal's characteristics.

8-1
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INTERFACE SIGNAL CHARACTERI lOS

SIGNAL NAME TYPE I/0 FROM TO

Bearing Synchro 0 UE ASI and SONI

Functional Description

Provides anqular information to the bearing pointer* to display relative
bearing of the •ircraft's present position to selected waypoint. The relativebearing Is the difference, in degrees, between the lubber line and the bearing
pointer as read from the compass card.

*No. I pointer on BOl

Signal Characteristics

RANGE: 00 to 3600
ACCURACY: +0.5o
INDEX REFERrICE: Aircraft Heeding
POSITIVE DIRECTION SENSE: Increasing Bearing
SCALE.FACTOR: 10 a 10
RESOLUTION,: WSI + 2.50, 301 *- 0.50

Electrical Characteristics (continued on next page)

LOAD: 1) HSI, AQU-4/A, Bearing Pointer, 3-Wire Synchro. Bendix Type
AY-S0O-5 or equal

2) BDHI, E5165001400, No. 1 Pointer, 3-Wire Synchro, Bendix
Type AY-1O0 HY-59-Al or equal

SOURCE: (TBD-1)

Interconnection Data

Wire Type A No.: Twisted Triad
Wire Size: No. 22 AWG

A/C: F-I1lA/E
REF: MIL-I-27848

"12R.-4-65-3 I -- - .
1F-IIlA-.-18-1 IC"-GPS-14 t 017

//
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ELECTRICAL CHARACTERISTICS

LOAD1 LOAD 2

HS, AQU-4/A. Bearing Pointer. 3-Wire BDHI, E 5165001400, fio. I Pointer,
Synchro, Bendix Type AY-500-5 or equal 3-Wire Synchro, Bendix Type AY-lO0 HY-59-

Al or equal

ROTOR

Input Voltage 26 Volts Primary Winding Stator
Frequency 400 Cycles Primary Voltage (400 Hz) 11.8 Volts
Input Current -- ma Secondary Voltage 20.3 Volts
Input Power Watts Input Current .020 Amps
Resistance (DC) 530 Ohms Input Power .060 Watts

Max. Error Spread +6 Minutes
Max. Null Voltage 'ro my
Zro 595 + J2130
Zso 750 + J369
Rotor DC Resistance 409 Ohms
Stator DC Resistance 1200 Ohms

STATOR

Input Voltage 11.8 Volts
Input Current 20. MA
Input Power 0.090 Watts
Resistance (OC¢ 188 Ohms
Rotor Output Voltage 19 VoltsPhase Shift (S to R) 1s Degrees
Accuracy (Max) 1s Minutes
14,411 Voltage (Max) 50 Mv

IMPEDANCE

Zso 222 * j470 Ohms
Zro 940 * J2260 Ohms
Zrss 1050 + j4SO Ohms

K, Jv 10 k-.3

qsB
8-3
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NMA TYPE I/O FROM TO

Distance. Units Synchro 0 UE HSI & BONI

Functional Description

Provides angular information to rotate the units digit in the range window.
Displays aircraft present position distance to selected waypoint in 1 nm incre-
ments (O.S nm indexed). Driven Independently of other digits, but reed in con-
junction with them In Order to provide the least significant digit.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: + 0.1 (! 3.6u)
INDEX REFERENCE: 0
POSITIVE DIRECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 360 - I numeral
RESOLUTION: ÷30

/

Electrical Characteristics (continued on next page)

LOAD: 1) HSI. AQU-41A. Distance Display, 3-Wire Synchro, Clifton Type
CRC-8-A-1 or equal

2) BOH , E5165001400, Distance Disolay, 3-Wire Synchro, Bendix
Type AY 080-00-46-Al or equal

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Two Single Conductors (X, Y)
Wire Size: NO. 22 AWG

Note: "Z" grounded through 26 Vac common.

A/C: F-1llA/E
REF: MIL-I-27848

T.O. 12R5-4-65-3 --
IF-ll1A-2-18-1 A ICD-GPS-014 & 017
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ELECTRICAL CHARACTERISTICS

LOAD I LOAD 2

NSI, AQU-4/A, Distance Oisplay, 3-Wire 8OH , E5165001400, Distance Display,
Synchro, Clifton Type CRC-8-A-1 or equal 3-Wire Syrchro, endix Type, AV 080-DOD-

46-Al or equal

Primary Winding Rotor Primary Winding Rotor
Primary Voltage (400 Hz) 26 Volts Primary Voltage (400 Hz) 26 Volts
Secondary Voltage 11.8 Volts S'tcondary Voltage 11.8 Volts
Input Current 100 ma Input Current 187 ma
Input Power .54 Watts Input Power 1.1 Watts
Accuracy 30 Feet Max. Error Spread +1.25 Degrees
Impadance, Zro 54 + J260 Ohms Impedance, Zro 32 J 1SO
Impedance, Zso- 12 + J45 Ohms Impedance, Zso 6.8 J 426

Impedance, Zrs 57 + J14
Rotor DC Resistance 37 Ohms Rotor DC Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 Ohms
Phase Shift 8.5 Degrees

A ICD-GPS-014 017
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance Tens Synchro 0 UE HSI I ON!I

Functional Description

Provides angular information to rotate the tens digit in the range window.
Displays aircraft present position distance to selected oaypoint in 10 rnm incre-
ments. Driven Independently of other distance digits but read in conjunctio!-
with them.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: - 0.1 (:3.6
INDEX REFERENCE: 0
POSITLYE D!RECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 160 - 1 numeral
RESOLUTION: *3

Electrical Characteristics (continued on next page)

LOAD: 1) HSI. AQU-4/A. Distance Display. 3-Wire Synchro, Clifton Type
CRC-8-A-l or eKual

2) BDOI, E5165001400, Distance Display, 3-Wire Synchro, BendixType AY 080-00-46-Al or equal

SOURCE: '(TD-1)

Interconnection Data

Wire Tyoe & No.: Two Single Conduct~rs (X. Y)
Wire 'iize: No. 22 AWG

Note: "Z" grounded through 26 Vac common.

A/C: F-111A/E

REF: MIL-I-27848
12R5-4-65-3 1--P-1 - 01lF-l 1 A-2-18-l lIDGS-1 1
IF-IE.-18-1" ,-6



ELECTRICAL CHARACTERISTICS

LOAD I LOAD 2

HS., AQU-4/A. Distance Display, 3-Wire BDHI4, E5165001400. Distance Display,
Synchro, Clifton Type CRC-8-A-l or equal 3-Wire Synchro, Bendix Type AYOSO-DO-

46-Al or equal

Primary Winding Rotor Primary Winding Rotor
Primary Voltage (400 HZj 26 Volts Primary Voltage (400 HZ) 26 Volts
Secondary Voltage 11.8 Volts Secondarj Voltage 11.8 Volts
Input Current 100 ma Input Current 187 ma
Irput Power .54 Watts Input Power ,.I Watts

Accuracy 30 Feet Max. Error Spread +1.25 Degrees
Impedance. Zro 54 + J260 Impedance. Zro 32 ÷-j150
Impedance. Zso- 12 * J45 Impedance. Zso 6.8 + J26

Impedance, Zrs 57 * J14
Rotor DC Resistance 37 Ohms Rotor DC Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator OC Resistance 7.3 Ohms
Phase Shift 8.5 Degrees

- - !'ms- II - ' o
Al ICO-GPS-014 &017
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance, ndreds Synchro 0 UE HSI & BOHI

Functional Description

Provides angular infor-'ation 'o rotate the hundreds digit in the range
window. Displays aircraft present oosition distance to the selected waypoint in
100 ran increments. Driven indeperdently of the other distance digits, but read
in conjunction with them in order to provide the most significant digit for the
distance ialue.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: + 0.I (t3.60)
INDEX REFERENCE: 0
POSITIVE DIRECTION SENSE: To decreasing values (distance to 9o)
SCALE SACTOR: 360 • I numeral
RESOLUTION: +30

Electrical Characteristics (continued on next pagj

LOAD: 1) ;XSI, AQU-4/A. Distance Display, 3-wire Synchro, Clifton Type
CRC-8-A-I or equal

2) BDHI, E5165500140. Distance D1'ilay, 3-.ire Synchro, Beondix
Type AY 080-DD-46-Al or equal

SOURCE: (TBD-I)

Interconnection Data

Wire Type A No.: 7wo 7-gle %tncuctors (X. Y)"
Wire Size: '1o. Z4 AWG

Note: "Z" grounce: :nrsugn AC commor.

A/C: F-1IIA/E
REF: MIL-1-27848

12R5-4-65-3 - -I--
IF-ll!A-2-18-1 -P - ! 1

lE-111E-2-18-1
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ELECTRICAL CHARACTERISTICS

LOAD 1 LOAo 2

HSI, AQU-4/A, Distance Disolay, 3-Wire BWHI, E5165001400. Distance Display,
Synchro, Clifton Type CRC-8-A-l or equal 3-Wire Synchro, Bendix Type AYOSO-DD-

46-Al or equal

Primary Winding Rotor Primary Winding Rotor
Primary Voltage (400 Hz) 26 Volts Primary Voltage (400 Hz) 26 Volts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 ma Input Current 187 m
Input Power .54 Watts Input Power 1.1 Watts
Accuracy 30 Feet Max. Error Spread +1.25 Degrees
Imp•edance, Zro 54 + J260 Impedance. Zro 32 *-j150
Impedance. Zso. 12 + J45 Impedance, Zso 6.8 + J26

Impedance, Zrn 57 + J14
Rotor DC Resistance 37 Ohms Rotor OC Resistance 24 Ohms
Stator OC Resistance 12 Ohms Stator DC Resistance 7.3 Ohms
Phase Shift 8.5 Degrees

ICE'-GPS-014 L 017

010-9

8/ /
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance Flag Discrete 0 UE HSI & 8O41

Functional Description

Provides a discrete signal to operate the distance warning flag. The flag
is normally out of view when the range indicator is oneratlng and the range data
is valid. The flag covers the range indicator when the distance information is
not valid or the device supplying the distance data is not operating.

Signal Characteristics

RANGE: 28 Vdc applied, Flag out of view
28 Vdc not applied, Flag in view

Electrical Characteristics

LOAD: 1) HSI (AQU-4/A), distance shutter mechanism. 28 Vdc meter movement
2) BOHl (E5165001400). distance shutter mechanism, 28 Vdc meter

movement, 625 Ohms + 101

SOURCE: (TBO-1)

Interconnection Data

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-l11A/E
REF: MIL-1-27848

12R-4-65-3
1F-IlIA-2-18-1 ICO-GPS-014 & 017
IF-IIIE-2-18.1 " " I' 10-10
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Thousand. Digit Discrete 0 UE HSI

Functional Description

Provides a discrete output signal to operate the thousand digit of the HSI
when the 11stance to a selected waypoint is greater than 999 naut cal miles.

Signal Characteristics

Thousand Digit In View: 28 Vdc applied
Thousand Digit Out of View: 28 Vdc not applied

Electrical Characteristics

LOAD: HSI (AQU-4/A), thousand digit shutter
Input Voltage: 28 Vdc
Input Current:. 150 ma

SOURCE: (TBD-1)

Interconnection Oata

(TB6-3)

A/C: F-111A/E
REF: MIL-1-27848

7.0. 5FB-16-4-3
A ICI-GPS-014 £017

'"' j"I I " 1o-11

8-11

oa"



INTERFACE SIGNAL CHARACTERISTICt

SIGNAL MAKE TYPE I/0 FRT.t TO

To-Frw J Analog 0 UE HSI

Functional Description

Provides a d.c. analog signal to drive the To-From Indicator. If the
aircraft is flying toward the waypoint and has not intercepted a r.ference
line pe"pendicular to the aircraft ground track and tV-ough the waypoint,
the indication will be To. Once past the waypoint rep-ence Iiue, the indi-
cation will be From as long as this waypoint Is still selected.

Signal Characteristics

RANGE: To a +225 ua Max
Blank * no signal
From * -225 Pa Max

Electrical Characteristics

LOAD: HSI (AQU-4/A), To-From Arrow, moter movement 200 Oh,4s + 1S resistance

.J
SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-.IIA/E
REF: MIL-I-27848lFl 1--1-l- .... -

1F-111E-2-18-1 C-•I'S-uI4 1. 017

8-12
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INTERFACE SIGNAL CHARACTERISTIC

SIGNAL N,'ME TYPE I/O FROM TO

Horizontal Detiation Analog 0 UIE Flight Director
Computer

Functional Description
Provides a variable d.c. signal that indicates the displacement of the air-

craft to the left or right of a selected course. The displacement represented by
the Indicating device will be controlled by UE software and will be dependent upon
aircraft flight phase 0  Deflection of the Indicating device may represent angular
displacement (e.g., 10 for a TACAN approach; 2.5 for ILS) or distance. For en
area navigation system, the Area Navigation Subcommittee of the Air Transport
Asoclation's Air Traffic Control Conmittee has recommended the following ranges
for the flight modes Indicated: (a) Enroute: 2-6 miles full scale, (b)
Terminal: 1-2 miles full scale and (c) Approach: 600-3000 feet full scale.
rhoiCp of n"•. xtt1on (distance/degrees) and scales are (TDO-1).
Signal Characteristics

RANGE: 0 to +150 Ma
RESOLUTION: 3-sa
ACCURACY: +10 mi
INDEX REFERENCE: Selected course
POSITIVE DIRECTION SENSE: Fly right (+)
SCALE FACTOR. 75 Wa/dot on the indicator.

nistmnco!anoular disolacement scale factor (TBD-I)

Electrical Characteristics

LOAD: Flight Director Conmuter. CPU-76/A, 1000 Ohms * 3%
SOURCE: (TBD-1)

'nterconnection Uata

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-11IA/E
AEF: MIL-I-27848 ARINC Characteristic 582-5J N~~IL-C-83O13 - -

IF-111A-2-18-1 ICO-GPS-O14 017

1E-illE-2-18-1 , et 10-13____
/

8-1
8-13
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/INTERFACE SIGNAL CHARACTERISTICS

SIGNAL UIK TYPE I/0 FROM TO

Fli ht Direcrh?
"Horzontal Deviation Discrete 0 U. 1omtuter

Flag

Functional Description

Provides a discrete signal to operate the deviation warning flag or circuit

when the deviation data is unreliable or a malfunction has occurred in the

course deviation circuitry.

Signal Characteristics

RANIGE: Deviation signal valid: 245-500 my.
Deviation signal invalid: ý180 mv

Electrical Characteristics

LOAD: Flight Director Computer, CPU-761A, 1000 Ohms, + 3, resistance

SOURCE: (T18-1)

Interconnecti on Data

Wire Type I No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111A/E
REF: MIL-1-27848

MIL.C-8301 3
lF-1ll-AZ-18-1 

-GPS-014 017

1F-111E-2-18-1

8-144
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INTERFACE SIGNAL CHARACTERISTIC

SIGNAL NANE TYPE l/0 FROM TO

Vertical Deviation Analog 0 UE Flight Director

. Computer

Functional Description
Provides a variable d.c. signal that indicates the displacement of the &ir-

craft above or below a desired flight path. The displacement represented by the
indicating device will be Controlled by UE software and will be dependent upo,
aircraft flight phase. oDeflection of the indicating device my represent angular
displacement (e.g., 0.50 for ILS) or distance. For an area nivigation system,
the Arta Navigation Subcomittee of the Air Transport Association's Air Traffic
Control Committee has recommended the following ranges for the flight modes
indicated: (a) Enroute: 200 to 2000 feet full scale, (b) Terminal: 60-200 feet
full scale and (c) Approach: 40-100 feet full scale. Choice of presentation
(distance/o.•.rees) an(* scales are (TBD-i).

Signal Characteristics

RANGE: 0 to + 150ua
RESOLUTION: T pa
ACCURACY: +10 11A
INDEX REFERI)ICE: Desired flight path
POSITIVE DIRECTION SENSE: Fly Down (+)
SCALE FACTOR: 75 Ma/dot on the Incicator.

Distance/angular displacement scale factor (,•--1

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A, 1000 Ohms 3 %
SOURCE: (T7D-1)

Interconnection uata

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111A/E
REF: MIL-C-83013

RE: IF-1IIA-2.17-1
IF-1IIE-2-17"I ICD-GPS-014 • 017
ARINC Characteristic 582-S -*' 10-15

447
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INTERFACE SIGNAL. CHARACTERISTICS

SIGNAL MAWq TYPE I/0 FROM TO

vetclDvain Discrete 0 UE Flight Director
Flti ag eito Computer

Functional Description

Provides a discrete signal to the Flight Director Computer wheni the uC
vertical deviation signal is unraliable. This signal is similar to glideslope
flag signal.

Signal Characteristics

RANICE: Deviation signal valid: 245-500 r~v.
Deviation signal invalid: .080 mv.

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A. 1000 Ohmns + 3.

SOURCE: (T80-1)

Interconnection Data

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-ll1A/E
REF: MIL-C-83013 __________________

IF-IIIA-2-17-1 -w1I-
IF-IlIE-2-17-1 I 1 IC' 4PS-014 £017

I I~V I .- " 10-16
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I
INTERFACI SIGNAL CNARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

"Digital Output Digtal 0 UE IBNS
iata

.jncitonal Description

Provides position, velocity and time and other parameters (T10-3) to the
1P45 to update the Inertial NAvigation Set And to aid in navigation and
bombing solutions, (See Appendix 11.)

S-onal Characteristics

"Word/Frame Structure: (TBO-3)
Information Identifier: (T8O-3)
"Data Standard: (T80-3)
Timing Tolerances: (TB0-3)

Electrical Characteristics

(TSO-3)

1iterconnectio, Lata

(TSO-3)

A/IC: F-I11A/E
ALF:

I CO-GPS-014 &017
- ',, ,1"' j -" ,10-17

417

8-17
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1'gTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAMiE 77 I/0 FROM TO

MantcHadn ycr I AFRS-Electronic
ManeicI~adng SyirroControl Amlfi4 UE

Functional Ocicriotion

Provides angular reference signal of aircraft heading9 rilative to magnetic
north.

Signal Characteristics

RANGE: 00 to 3 OO
ACCUR.ACY: 0 .5
INDEX REFEREN4CE: Ma;,ie-.ic North
POSITIVE DTREC7IQN SEISE: Nose Right
,SCALE FACTOR: I' - 10
RESOLUTION: (TBD-3;

Electrical Characteristics (continued on next page)

SOURCE: Auxiliary Flight Reference System, Electronic Control Amplifier
,ASK ZSA/A24G-26). 3-Wire Synchro, Clifton CGN..8-A-7 or equa) I

LOAD: ýTBD-I)

Interconnection Data

wire Type &No.: Twisted Triad

wire Size: No. 22 AWG

A/C: F-111A/E
REF: m IL.C-38418

T.O. IF.111A-2.l-l- . ..-
T.O. SF.*-2l-3 AI-CO-GPS-014 & 017

T:8 7c'?14I -I

T fF. E-2-121 1011

J-



ELECTRICAL CHARACTERISTICS

SOURCE 1

Synchro. Clifton Type CGH-b-•°7 or
equal

mnput Voltage 115V 400Hz
Input Current 29 ma
Input Power 0.8 w
Output Voltage %MNa) ll.8V
Sensitivity 206 mv/deg
Phase Shift 11 deg
DC Rotor Resistance 700 Ohms
DC Stator Resistance 10.4 Ohms
Impedance, Zro 950 + j3, 50 Ohms
Impedance, Zso 10 * J36 Ohms
Imoedance. Zrss 1550 * j420 Ohms
Max Null Volt.ge 75 mv
Accuracy (Max Error l" minutes

Spread)

f -7, 10-19

8-19
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

SyihoCentral Air U

True Airspeed Synchro I atal Coputer U

Functional Descriotion

Provides an input of true airspet in synchro format.

Signal Characteristics

RANGE:
ACCURACY:
INDEX REFERENICE: (TBD-2)
POSITIVE DIRECTION SENISE:
SCALE FACTOR:
RESOLUT IOr:

Electrical Charicterlstics (continued on next page)

SOURCE: Central Air Data Coinouter, 1902533-4. 3-Wire Syncnro, Bendix
tyoe AY :OOS 16A7 or equal

LOAD: (BD-801

Interconnectior '.3,a

Wire ype & No.: 2 Shielded Conductors (x, q)
Wire Size: No. 22 AWG

i4ote: "Z" t.es to shield ground

A/C: F-.•IA,"

REF: T.O. S-5-4-o 7-3

T.O. lr-lIE-2-16-. IC-GPS-01

8-20
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ELECTRICAL CHARACTERISTICS

SOURCE 1

Synchro, Bendix Type AY 300S 16A7
or equal

Primary Winding Rotor
Input Voltage 26 Vac, 400 Hz
Input Current 91 ma
Input Power 0.6 watts
Output Voltage (max) 11.•V
Phase Shift 9.5 lead
DC Rotor Resistance 50 ohms
XC Stator Resistance 16 ohms
Impedance, Zro 70 + J305 ohms
Impedance, Zso 16.3 + J50 ohms
Max Null Voltage 30 my
Accuracy (max error +10 minutes

spread)

ID-GPS-014- 017

Al7-Y8-21



INTERFACE SIGNA. CHARACTERISTICS

S.GNAL NAKE TYPE I/O FROM TO

Barometric Altitude Synchro I Central Air UEData Computer

Functional Description

Provides an input of barometric altitude in synchro format.

Signal Characteristics

RANGE:
ACCURACY:
INDEX REFEREN4CE: (T BD-2)
POSITIVE DIRECTION SENSE:
SCALE FACTOR:

Electrical Characteristics (continued on. next page)

SOURCE: Central Air Data Computer, 1903633-4, 3-wire synchro
Bendix type AY 300C 43Al or equal

LOAD: (TBMG)

Interconnection Data

Wire Type & No.: Shielded PAir and One Shielded Conductor
Wire Size: No. 22 AWG

A/C: F-IllAiE
REF: T.O. 5F5-4-17.3

TO. IF-. .A-216-.
T.O. IF-llE--16-A ICD ,GPS-014 C17

8-22
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAKE TYPE I/O FRG4 TO

Blanking Pulses Pulse I Interference UE

Functional Description

The interference blanker provides blanking pulses to prevent interferenc'*
beti*etn systems operating in the same frequency spectrum.

Sional Characteristics (see pages 10-24 and 10-25)

Electrical Characteristics

SOURCE: Interference elanker. MX-8103/A

LOAD: (TBO-1)

Interconnection oata

Wire Type & No.: Coaxial Cable, RG-Se C/U

A/C: F-l11A/E
REF: T.O. 12P3-4-22-12 ....T.... I- IIA2-o

T.O. IF-IlIE-2-22 ID-GPS-014 & 017

8-23
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INTERFACE SIGN/AL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Pitch Synchro I AFRS UE

Functional Description

Provides an Input signal proportional to fuselage pitch attitude with
respect to the earth's horizon. Signal amplitude is proportioned to Wgount
of fuselage displacement from level flight and Phase indicates direction of
displacement

Signal Characteristics
RANGE: 00 to 0Oo
ACCURACY: O.3"

INXCX REFERENCE: 00 Pitch
POSITIVE DIRECTI 2 N SENSE: Nose Up
SCALE FALTOR: 1 10

RESOLUTIOR: (T8D-3)

Electrical Characteristics (continued on next page)

SOURCE: AFRS, 3-Wire Synchro, Clifton Type CGH-8-A-7 or equal
Electronic Control Amplifier (ASK-25A/A24G-26)

LCAO: (TBO-1)

Interconnection Data

Wire Type & No.: Twisted Triad
Wire Size: No. 2Z AWG

A/C' F-1llA/E
RF: T.O. IF-11A-2-12-1, T.O. 5F4-2-21-3,

7.0. SF4-2-21-4, MIL.C-38418 i- -
T.o. IF-111E-2-2-1 CD-GPS-01 A J17

8-26



ELECTRICAL CHARACTERISTICS

SOURCE I

Synchro, Clifton Type CGH-8-A-7 or
equal

Input Voltage 115V 400 Hz
Input Current 29 ma
Input Power 0.8
Output Voltage (max) 11.8V
Sensitivity 206 mv/deg
Phase Shift 110
OC Rotor Resistance 700 Ohms
DC Stator Resistance 10.4 Ohms
Impedance Zro 950 * j3. 850 Ohms
Impedance Zso 10 + J36 Ohms
Impedance Zrss 1550 + j4ZO Ohms
Max Null Voltage 75 my
Accuracy (max error 14 minutes

spread),

A ICO-GPS-014 &017

.-27
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Roll Synchro I AFRS UE

Functional Description

Provides an Input signal proportioned to fuselage roll attitude with
reference to the earth's horizon. Signal amplitude is proportioned to
amount of fuselage displacement from level flight and phase indicates
direction of kitsplacement

Signal Characteristics

RANGE: 00 to 0 0
ACCURACY: +O.5
INDEX REFEREN:F: Zero Roll
POSITIVE DIRECTION SEVSE: Right Wing Dowi
SCALE.FACTOR: I * 1
RESOLUTION: (TBO-3)

Electrical Characteristics (continued on next page)

SOURCE: Auxilliary eTight Reference System, Electronic Control Amplifier

(ASK-ZSA/AZ4G-26), 3-Wire Synchro, Clifton CGH-8-A-7 or equal

SILOAD: fTBO-11

Interconnection Data

Wire Type & No.: Twisted Triad
Wire Size: No. 22 AWG

A/C: F-11 Il/E
REF: TO. T,.,l1,.2.,-,. .U. SF4-21-3.

T.O. F4-21-4, MIL-•C-• 841-
T.O. IF-11IE-2-12.1 ICD-GPS-014 1 017

8-28



ELECTRICAL CHARACTERISTICS

SOURCE I

Synchro, Clifton Type CGH-8-A-7
or equal

Input Voltage 11SV 400 HZ
Input Current 29 ma
Input Power 0.8w
Output Voltage (max) ll.8v
Sensitivity 208 mv/deg
Phase Shift 11
OC Rotor Resistance 700 Ohms
OC Stator Resistarce 10,4 Ohms
!moedance Zro 950 * j3. 850 Ohms
Imoelance Zso 10 * j36 Ohins
TImoeoance Zrss 1550 - j420 Ohns
Max Null Voltage 75 m
Ac:uracy (max error 14 minutes

II

spr-ead)C

A C~GPS-,'l~ 017
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Digital Input Digital I IBNS UE
Data

Functional Description

Provides the UE with position, velocities, covariances and other
parameters (TBD-3). (See Appendix II.)

Signal Characteristics

Word/Frame Structure: (TBD-3)
Information !dentifier: (T80-3)
Oata Standard: (TBD-3)
Timing Tolerance: (T60-3)

Electrical Characteristics

(TBD-3)

Interconre:cio, Uata

(78D-3)

A/C: F-I11A/E
,,EF:

Al ICO-GPS-04 .5 17
[nw1 10. 10
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Course Set Syncnre I 4S! UE

Functional Description

Provides an electrical reference signal of the course manually selected
by the Course Set :ortrol on the HSI, This signal will be used by the UE as
a reference for positioning the course deviation and 0o-Fro•n indicators on
the HSI.

Signal Characte-,,stcs

RANGE: 0° to 3500
ACURACY: *0.5
PESOLUION:- .2

0NDEX REFEqE:.CE 'lagnelic Nortrh
POST7:4E 0:RE-:;Nr SENSE: Rignt Hand increments
SCALE •ACTOR: I' I 1

Electrica, Characteristics (Continued on next page)
SOURCE: HSI (AQU-4/A). Course Resolver, Kearfott Type

CP404310:3 or eaual
LCAD. (30-I)

Intercornection Data
wire -,De & 'io. Seven single conductors (twisted)
Wi'e Size. No. 24 ;-G

A/C: F-1I1A/E
RE F; - 6- -l 1-i

FB-16-4-3 A-GPS-0i4 £017
SFB- 16-4-4
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CLUZLC lIAL CIIARACILRISTIL0

SOURCE

HSI, AQU-4/A, Course Resolver,
Kearfott Type CR40931018 or equal

Primary Winding Rotor
Input Voltage 26 Vac
Frequency 400 HZ
Input Current 20 ma
Input Power 150 mw
Input Impedance 1680 L78.50 ohms
Output Impedance 1400 Z'1ohms
DC Resistance (rotor) 190 ohms
DC Resistance (stator) 170 ohms
Output Voltage 22 Vac
Sensitivity 384 mv/deg
Maxinum null Voltage 46 m;,
Maximum error from 10 minutes

electrical zero
Transformation ratio .A46

A ICD-GPS-O14 017
-n.,v. 32
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9. FUTURE MODIFICATIONS

Table 9-1 lists the avionics suite expected to be installed in each
of the F-Ill family aircraft by 1985. This chart is useful for comparing
the members of the F-11 family. Figures 9-1 and 9-1 show current and
planned equipment bay space allocations. Here, the Ballistics Computer is
shown removed in the planned arrangement. The KY-28 Secure Voice has been
located in the right-hand equipment bay. Other systems added are AN/ALQ-137,
AN/ALR-62, GPS, and AN/ARC-164.

GPS UE will physically and functionally replace the AN/ARN-Il8 TACAN
System. The GPS receiver will be installed at the present TACAN location
under Door 1202. The antenna is installed above the forward, right-hand
equipment bay.

The AN/ARC-164 is planned to replace the ARC-109 in most F-lllAs by
1985. The AN/ARC-164 Radio Set has two basic configurations, the console
mount and the remote mount.

i

9-1
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10. DATA SOURCES

The following sources of data were used in preparing this summary:

Aircraft and avionics configuration data assembled by ARINC Research,
principally in the form of copies of applicable sections, tables,
and figures from the aircraft technical orders, as well as from
equipment technical orders listed at the end of this section.

. Avionics Planning Baseline Document - October 1978

0 GPS Phase II User Equipment Interface Requirements for the F-111A
Aircraft; 1 September 1977

List Of Technical Orders

T.O. # Title Change Date

1F-1lIA-01 List of Publications 4/21/72

IF-111A-l Flight Manual 5 12/1/78

1F-IIIA-l-1 Performance Data 1 9/19/75

1F-111A-2-1 General Info 27 12/24/76

lF-1llA-2-3-1 Auto Flight Control 7 6/3/77

IF-llIA-2-4-1 Flight Control System 8 8/26/77

IF-l1lA-2-5-1 Fire Power Control 4 9/12/75

IF-lllA-2-12-1 Instrument Tystems 18 1/5/77

lF-llIA-2-13-1 Electrical Power & Lighting 20 10/29/76
System

IF-llIA-2-16-1 Air Data Systems Basic 10/18/74

IF-Il1A-2-17-1 Communications and Instrument 10 10/24/75
Landing Systems

IF-lllA-2-18-1 Auto Direction Finder, Inter- 12 1/5/77
Communications TACAN, IFF
Systems

1F-1lIA-2-19 Attack and Terrain Following 17 11/7/75

Radar Systems

IF-IlIA-2-22 Systems Integration 11 6/13/75

lF-1lIA-4-9 Auto Flight Control 11 2/4/76

1F-1lIA-4-10 Air Data Computrr Systems 5 1/10/75

IF-1l1A-4-11 Instrument Systems 27 3/18/17

IF-l1A-4-12 Power and Lighting Systems 26 2/11/77
(#25 miss)
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List Of Technical Orders
(continued)

T.O. # Title Change Date

lF-111A-4-14 Auto Direction Finder Commun- 2 7/23/76
ications TACAN, & IFF Systems

1F-1lIA-4-17 Penetration aids and Electronic Basic 7/16/76

Counter Measures

lF-lllA-4-19 Parts Index 5 7/27/77

lF-1lIA-4-20 Armament Systems 2 2/11/77

1F-111A-4-21 Comm. and Instrument Landing 14 4/16/76

1F-11IA-4-22 Fire Power Control Systems 1 10/15/76

IF-1l1A-4-23 Attack and Terrain Following 1 2/11/77

Radar System

lF-1l1A-34-1 Nor<N~uclear Munitions Delivery Basic 2/6/76

1F-1l1A-34-1-1 Non-Nuclear Munitions Delivery Basic 2/6/76

12P2-2APQil0-12 Terrain Following Radar Set 10 3/15/74

12P2-2APQ1I0-52 Terrain Following Indicator 3 3/22/74

12P2-2APQ]3-12 Radar Set Basic 1/28/77

12P4-2APX64-2 Radio Receiver Transmitters 17 11/22/77

12P5-2APNI67-12 Altimeter Set 12 5/3/74

12RI-2ARA50-2 Direction Finder Group 2 2/1/72

12R2-2AIC25-2 Intercomm Set 10 12/1/76

12R2-2ARC]09-4 Radio Set 9 6/15/76

12R2-2ARC109-42 Radio Receiver 2 6/1/77

12R2-2ARCll2-42 Radio Set 6 12/1/76

12R2-2ARC123-2 Radio Set 15 10/15/76

12RS-2ARN52-2 TACAN Changed 10/1/69

12RS-2ARN52-12 TACAN 4 2/15/73

12R5-2ARN58-2 Radio Receiving 6 5/13/77

12R5-2ARNll8-1 TACAN Basic 10/15/76

12R5-2URT27-2 Radio Beacon Set 10 6/1/77

12R2-2ARC164-2 Radio Set Basic 6/20/76

qj
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis. Maryland under Contract
F33657-79-C-0567.
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1. INTRODUCTION

This document contains configuration data relating to the integration

of additional avicnics into the F-111E aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC

Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed

in Section 10.

i/

/i/
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2. COCKPIT SPACE

2.1 Available Control Panel Space

Figures 2-1 through 2-5 depict the consoles and instiument panels for
the F-111E. In the present F-111E cockpit configuration, blank control
pane. space is limited. Two small blank panels exist, one on the left con-
sole and one on the right console.

A 1-3/4 inch high by 5-3/4 inch wide space is available on the left
con'%ole, between legend numbers 9 and 10 of Figure 2-3. This space is
near the rear of the console.

On the right console, a 2-3/8 inch high by 5-3/4 inch wide blank space
exists. This space is located between legend numbers 1 and 17 of Figure
2-5 and is within convenient reach of the W.apons Systems Officer.

2.2 Displays

Currently all of the F-111E oscilloscope displays are in the Right Main
Instrument Panel (Figure 2-2, legend 1, 4, and 10, Terrain Following Radar
Scope Panel, RHAW Scope Panel, and Attack Radar Scope Panel, respectively.
The ASG-23 optical sight display does not have any alphanumeric characters
or symbol capability potential.

2-1



3K

32 5
31 !" -

20 11
1 * ANGLE-OF-ATTACK INDEXER

S2. A/AIR MISSLE, GUN/CAMERA
MASTER PANEL

3. LEAD COMPUTING OPTICAL
SIGHT

4. OPTICAL SIGHT CONTPý.i, PANEL
5. NOSE WHEEL STEERING/ATR

REFUELING INDICATOR LAMP
6. RADAR ALTIMETER
7. RADAR ALTITUDE LOW WARNING
8. LAMP

9. ALTITUDE/VERTICAL VELOCITY
10 INDICATOR

10. ATTITUDE DIRECTOR INDICATOR
11. HORIZONTAL SITUATION'" INDICATOR

12. TAKE-OFF TRIM INDICATOR

72 13. TAKE-OFF TRIM TEST BUTTON
7 214. BOMB-NAV DIST'ANCE/TEST

LEFT MAIN INSTRUMENT PANEL1 15. RIGHT MAIN CAUTION PANEL
16. ANTENNA SELECT PANEL
17. EXTERNAL ENVIRONMENTAL

19 - 15 CONTROL
18. RADIO COMPASS CONTROL PANEL
19. CONTROL SURFACE POSITION

INDICATOR

20. DUAL BOMBING TIMER
17- 21. LEFT MAIN CAUTION PANEL

22. INSTRUMENT SYSTEM COUPLER
16 CONTROL PANEL

23. LANDING GEAR POSITION
INDICTtAR

24. WING SWEEP FLAP/SLAT
LEFT PEDESTAL POSITION INDICATOR

25. LANDING GEAR CONTROL PANEL
26. AUXILIARY (Parking) BRAKE

HANDLE
27. ARRESTING HOOK RELEASE

HANDLE
28. AGENT DISCHARGE/FIRE DETECT

TEST SWITCH 'SJETIO
29. EXTERNAL STORESETIO

BUTITON
"30. FIRE PUSHBUTTON/WARNING

LIGHTS
31. TOTAL TEMIPERATURE INDICATOR

32. WARNING LAMPS
33. AIRSPEED -MACH INDICATOR

Figure 2-1. LEFT MAIN INSTRUMENT PANEL

c
b'5W

2- Best Available Copy



V.-

p. 
, :

I .-- Q-. -

IN V. .- , 3 .

-. C~ 1u 01 -

-C 
-C 

:;F o

0! wU ' tV~ I~' -

0 ~ -'3" u :. L.J.t JO-t '
.Cw. Amj

10 NCN4N" NNNNn:ý m1i0

'E-4

44w.

40"t4

2-3 s tAVý



I. CABIN PRESSURE INDICATOR, AMMO STATUS,
.3 WEAPONS STATUS, MASTER ARM AND RELEASE

SWITCH, NUCLEAR CONSENT SWITCH
2. MISCELLANEOUS PANEL, COMPRESSOR BLEED,

17 LANDING LIGHT, ATT GYRO FAST ERECT BUTTON,
RADAR ALTM SWITCH, BLEED OPEN SWITCH

3. ANTI-SKID SWITCH
4. FRICTION CONTROL
5. AIR START BUTTON

II 6. AUTOPILOT DAMPER CONTROL PANEL
7. AUXILIARY FLIGHT CONTROL PANEL
8. INTERPHONE PANEL
9. DCU-116/A (PAL) CONTROL PANEL

S5 10. SUIT/MASK OXYGEN PANEL
11. OXYGEN QUANTITY INDICATOR AND TEST

PUSHBUTTON
12. AUXILIARY FLT. CONTROL PANEL
13. MAP STOWAGE CONTAINER
14. SEAT ADJUSTMENT SWITCH

• 15. SPOILER CONTROL PANEL
r _4 16. FLAPS AND SLATS CONTROL

17. LEFT CREWMEMBER'S THROTTLES
18. WING SWEEP CONTROL, WEAPON LOCKOUT

13 7 SWITCH, FIXED STORES LOCKOUT SWITCH

J

LEFT CONSOLE • '

Figure 2-3. LEFT CONSOLE

2-4 Best Aw.
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tie.

1. AIR REFUEL RECEPTACLE LIGHT
CONTROL KNOB

2, ALTERNATE GEAR DOWN HANDLE
3. FUEL CONTROL PANEL
4. TFR CONTROL PANEL
5. CREW MODULE EJECTION HANDLE (2)
6. SPIKE CONTROL PANEL

i2A 7. GROUND START SWITCH, AIR
START BUTTON, RBS TONE SWITCH

8. RIGHT CREWMEMBERS THROTTLES
9. IFF CONTROL PANEL

10. ELECTRICAL CONTROL PANEL
11. AIR CONDITIONING CONTROL

PANEL
(AIR FLOW switch effective on
AF S/N 68-030 thru 68-084 and
on 67-115 thru 68-029 after
T.O. IF-111-687) (EMER position
of AIR SOURCE switch is effective

SAon AF S/N 68-070 thru 68-084
It2 and on 67-115 thru 68-029 afterA• T.O. 1F-111-572)

12. ECM CONTROL PANEL/ALQ-119

1 A 13. CONTROL PANEL SCOPE CAMERA

13A2 NOTES:

CRN411 CONSOLE A AFTER T.O. 1F-111E-521

RELOCATED AFTER T.O. 1F-111E-521D

F.1 11,0309

Figure 2-4. CENTER CONSOLE

Best Availablc 5e3
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1. WEAPONS CONTROL PANEL
2. CABIN AIR DISTRIBUTION CONTROL LEVER

S3. ATACK RADAR TRACKING CONTROL HANDLE 17
4. RADIO BEACON SET
5. MAP STOWAGE CONTAINER
6. SEAT ADUSTlMENT SWITCH

7. ETRIK CAMERA CONTROL PANEL
S. WEAPONS BAY TEMPERATURE INDICATOR

9 P UTILITY LIGHT 1F-----
10. STOWAGE
1G. CMDS CONTROL PANEL

g - R C CMRS CONTROL PANEL
1.CONTROL PANEL SCOPE CAMERA
14 C CONTROL PANEL/AL.Q--94 1 -

15. INTERCOMMUNICATION4 PANEL 15
16. HF RADIO CONTROL PANEL.

17B ATTACK RADAR CONTROL PANEL 72 •18. ECM CONTROL PANEL ALQ-87

14

12 • 10

Al PI•OR TO T..O. IF-111-613

A• PRIOR TO T.O. 1r-111E-521

A/ AFTER T.O. 1F-111E-521D RIGHT CONSOLE

Figure 2-5. RIGHT CONSOLE

Best Available0

5o0
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3. AVIONICS SPACE

The avionics space availability in the F-111E is detailed in Table 3-1
and Figure 3-1. The only space that does not have a candidate equipment
designated is under door 1201; that space has a volume of 0.82 cubic feet.
This space is available only if two AM-194 altimeters are employed in a

st"-ked configuration.

/

//
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4. ELECTRICAL POWER SYSTEM

4.1 Introduction

115/200 volt, three phase, 400 cycle ac power and 28 volt dc power is
provided for the electrical power system in the F-fllE. This power is gen-
erated by two 62.5 kVA ac generator drive assemblies, one mounted on each
engine. These generators are supplemented by two 150 amp transformer
rectifier units that convert the ac power to 28 volts dc. An aircraft
battery supplies 28 volts dc to the battery bus and the dc start busses.
The electrical power system consists of the following systems:

. Main ac power system

0 External ac power and monitor system

0 Emergency ac power system

0 Dc power system

4.2 Power Requirements

In the F-lllE, there is a basic avionics electrical power requirement
of 40 kVA.

4.3 Power Generation and Distribution

The mai of electrical power- are 62.5 kVA indirect drive gen-
erators. Th, ol units for these generators are in the forward equip-
ment bay. The _..ctrical power distribution system has three ac busses:
A left main ac bus, a right main ac bus, and an essential ac bus.

4.4 Emergency ac Power system

The emergency ac power system provides electrical power for operation
of safety-of-fliqht equipment in the event the main ac power system fails
or hydraulic power is applied to the aircraft without electrical power, or
both. The emergency ac power generator is operated by the utility hydraulic
system.

4.5 Dc Power System

The dc power system supplies the aircraft with the necessary 2$-volt
direct current power. The main dc power system uses two ac-to-dc power con-
verters to supply the main ard essential dc busses. The aircraft battery
ensures that standby power is available to power engine starts, aircraft
position lights, and pylon refuel/defuel valves without external pxower
units.

4-1



5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The Environmental Control System (ECS) provides temperature controlled
air for the cockpit and a temperature controlled flow of cooling air to the
forward electronics bay and to the weapons bay. The ECS operates by duct-
ing hot air from the sixteenth stage compressor of each engine through two
air-to-air heat exchangers, an air-to-water heat exchanger, and a cooling
turbine. The cooling turbine further cools the air to temperatures suitable
for the cockpit and electronic equipment bays.

5.2 Cabin Air Conditioninc

Cabin air conditioning is governed by a temperature controller that
receives signals from temperature sensors and a cockpit control panel. The
temperature controller allows hot air to mix with the cooled air stream to
obtain air at the cockpit-selected temperature. Conditioned air flows from
the cabin into the forward equipment bay.

5.3 Equipment Air Conditioning

Electronic equipment that is cooled by the ECS is grouped in the forward
equipment area, cabin equipment area, aft (check) equipment area, main land-
ing gear wheelwell area, and tail electronics area. The equipment is cooled

by both area cooling and forced-air-flow cooling. Area cooling is achieved
by supplying cold air to the equipment area as required to maintain the
temperature at 1500 (±100) F. In addition, a cold air flow can be forced

over or into a single component or group of components.

5-1



6. CURRENT AVIONICS

Tables 6-1 through 6-23 contain LRU data relating to the F-111E avionics
systems that make up the current or near-term configuration. Where no entries
are shown, the data were not available for this report. Data pertaining to
future avionics modifications are presented in Section 9.
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7. ANTENNA LOCATIONS

Figure 7-1 shows the approximate locations of the antennas on the
F-lllE. Antenna nomenclature from the current technical orders is as
follows;

Nomenclature or
Antenna Part Number

1. Glide Slope Strip ,2Z519-7
Glide Slope Plate 12Z517-1

2. ADF AS-909/ARA-48
3. IFF (Upper) and UHF Data Link 11D020100-6
4. Radio Beacon Set AN/URT-27 or -33
5. UHF No. 1 and TACAN Upper 11D020100-6
6. HF Dorsal 12T501-807

HF Vertical 12T010-849
7. IFF Lower AT-741B/A
8. Localizer (2) TBD
9. Low and Medium Frequency Radar Hor1ing (4 LH Installation 12E2239-5
10. Forward Radar Warning (2) RH installation 12E2239-6
11. High Frequency PAdar Homing (4) Ii
12. Terrain Following Radar (2) AS-2136/APQ-11O
13. Attack Radar AS-1749/APQ-113
14. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1
AN/ALQ-94 ECM No. 7 12E2909-1

15. Radar Altimeter LG81G3
16. AN/ALR-62 311190-1
17. AN/ALQ-94 High Band Wing Glove (4) 12E2989-1

AN/ALQ-94 Medium Band Wing Glove (2) 12E2987-1
AN/ALQ-94 Low Band Wing Glove (4) 12E2988-1
AN/ALQ-94 Mid Band, Transmit Wing Glove 12E2999-1

(2)
18. AN/ALR-62 (2) 12E2982-1
19. Aft Radar Warning (2) 12E805-1
20. AN/ALQ-94 ECM No. 9 LH (3) 12E2910-3

AN/ALQ-94 ECM No. 9 RH (3) 12E2910-1
21. UHF No. 2 and TACAN Lower 11D020100-3
22. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1
AN/ALQ-94 ECM No. 7 12E2909-1

23. Marker Beacon 16D00500

7-1



ILI

.3 /

-MPI V-0 *No- 0 N 6-

6nn

7-2



8. INTERFACE DATA

This section contains examples of interface signal characteristics.
These data were extracted from applicable sections of the Interface Control
Documents (ICDs) for integration of GPS user equipment in the F-111E
aircraft.

Each sheet discusses a particular signal. The top line contains the
signal name, type of signal (digital, analog, discrete, or synchronous),
signal source and load, and whether the signal is an input or output of
the GPS user equipment. A functional description follows, together with a
description of the signal's characteristics.

//
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 P10 To

Soering SynChro 0 U1 HS1 and NOW4

Functigmal Dqscr.ption

Provides anqular infomotion to the bearing pointeW' to display rtlative
bearing of th.e aircraft's present position to selected waypoint. The relative
bearing Is the difference. in degrees, between the lubber line and the bearing
pointer as read from the comass card.

*No. I pointer on bowl

Signal Characteristics

RANGE: 00 to 3600
ACCURACY: 0.50
INDEX REFERENCE: Aircraft Heading
POSITIVE DIRECTION SENiSE: Increasing leering
SCALE .FACTOR: 10 * 10
RESOLUTI0N~: HSI + 2.S0, BDHI # 0.50

Electrical Characteristics (continued on next pige)

LOAD: 1) HSI. AQU-4/A. Bearing Pointer. 3-wire Syjchro, Bndix Type
AY-500-* or equal

2) BOI. (5165DO1400. No. I Pointer. 3-Wire Synchro, Bendix
Type AY-100 HY-59-AI or equal

SOURCE: (TbD-1)

Interconnection Data

Wire Type & No.: Twisted Triad
Wire Size: No. 2Z AWG

A/C: F.111A/E
REF: MIL-1-27848

1205-4-65-]

B-2
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ELECWltCAL CNAACTERISTICS

LOADI LOAD 2

HSI. AQU-4/A, Searing Pointer, 3-Wire t 0B.1, E 5165001400, No. 1 Pointer,
Synchro, Bendix Type AY-500-5 or equal 3-Wire Sy•chro, kfndix Type AY.-00 HY-59-

Al or equal

ROTOR

Input Voltage 26 Volts Primary Winding Stator
Fr-equency 40t, Cycles Primary Voltage (400 Nz) 11.8 Volts
Input Current - me Secondary Voltage 20.3 Volts
Input Power watts Input Current .020 Ams
Resistance (DC) 53 01h" Input Power .060 Watts

Max. Error Spread *6 Ninut*1
Max. Null Voltage 1) mv
Zro 595 * J2130
Zso 750 + J369
Rotor DC Resistance 409 Ohms
Stxtor DC Resistance 1200 Ohms

STATOR
Input Voltage 11.8 Volts
Input Current 20. ma
Input Power 0.090 Watts
Resistance (LxO) 188 Ohms
Rotor Output voltage 19 Volts
Phase Shift (S to R) 15 Degrees
Accuracy (Max) 1s Minutes
'.l11 Voltage (Max) so mY

IMPEDANCE

Zso 222 * J470 Ohms
Zro 940 * J2260 Oh"
Zrs$ 1050 * J450 Ohms

-IC -GPS-1 3Ol
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FRMi TO

Distance. Units Synchro 0 UE .4SI I BONI

Functional ODscription

Provides angular information to rotate the units digit In the range window.
Displays Aircraft Present position distnce to selected waypoint in Inot incre-
ments (0.5 nm indexed). Drivtn Independently of other digits, but read in can-
Junction with them In order to provide the *easat Significant digit.

Signal Characteristics

RANGE: 0 to g (00 to 3600)
ACLURACY: * 0.1 (* 3r6U)
INDEX REFEReE: 3
POSITIVE DIRECTION SENSE: To decrtasing values (distance to go)
SCALE FACTOR: 360 - 1 npneral

RESOLUTION; .30

Electrical Characterls:t;s (continued on next 0age)

LOAD: 1) HSI. AQU-4/A. Distante Display, 3-Wire Syncpro. Clifton Type
CRC-S-A-i or t.Jal

2) BONI. E516rWO1400. Distance Display, 3-Wire Synchro. Bendix
Type AY 080-00-46-Al or equal

SOURCE: (TSD-l)

Interconnection Data

Wirt Type & 40.: ro Single Conductors (X, ) -
Wire Si:z: No. 22 ?AG

Note: "Z' grounded through 26 Vic common.

A/C: F-111A/E
REF: MIL-1-21848

TO.0 1ZRS.4-65-1-

IF-11lE7.Pn--l

8-4



LELTRICAL CHARACTERISTICS

LOAD I LOAD 2

HSI, AQU-4/A, Distance Display, 3-Wir BODHI. E5165001400, Distance Display,
Synchro. Clifton Type CRC-8-A-I or equal 3-Wire Synchro. Bndix Typi, AY 080-IXI-

46-Al or equal

Primary Winding Rotor Primary Winding Rotor
Primary VoItage (400 Hz) 26 Volts Primary Voltage (400 HZ) 26 VoltU
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 ma Input Current 187 oe
Input Power .S4 Watts Input Pcwer 1.1 atts
Accuracy 30 Feet Max. Error Spread .1.2S Degrees
Imoe.nce, Zro 54 + J260 Ohms Impedance, Zro 32. jl50
Impedance, Zso. 12 + J45 Ohms Impedance. Zso 6.8 * J26

Imipadance, Zrs 57 * J.14
Rotor DC Resistance 37 Ohms Rotor DC Resistance 24 OM"s
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 OhMs
Phase Shift 8.3 Degrees

I , [-' 10-5
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INTERFACE SIGNAL CHARACTERISTICS.

SIGNAL NAUE TYPE I/0 FRM TO

Distance Tens Synchro 0 UL 1S1 & BONI

Functional Description

Frovides angular information to rotate the tens digit in the range window.
Displays aircraft present P•sition distance to stlected waypoint in 10 nm Incre-
ments. Driven independently of other distance d4glts but reed in conjunction
with them.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600 )
ACCURACY: * 0.1 (43.6)
INDEX REFERENCE: Z
POSZTLYE DIRECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 0 6- I numeral
RESOLUTION : +_3

Electrical Characteristics (continued on next Page)

LOAD: 1) HSI, AOU-4/A, Distance Display. 3-Wire Synchro. Clifton Type
CRC-8-A-I or eQual

2) 8Doe, E5165001400. Distance Display, 3-Wire Synchro, Sendix
Type AY 080-D0-46-Al or equal

SOURCE: (TBO-l)

Interconnection Data

Wire Type & No.: Two Single Conduct)rs (X, Y)
Wire :;ize: No. 22 AWG

Note: "Z" grounded through 26 Vic coemon.

A/C: F-1llA/E
REF: MIL-I-27848

12RS-4-65-3 A37-P-1 1IF-.1IA-2-18-1 LD-GP$-O14 & 017
IF-.lIE-2-18-1

8- let 10-6
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ELECTRICAL CHARACTERISTICS

LOAD 1 LOAD 2

HSI. AQU-4/A, Distance Display, 3-Wir. BONI. E5165001400. Distance Display,
Synchro, C1ifton Type CAC-8-A-l or equal 3-Wire Synchro, Bendix Type AY8OO-DO-

46-Al or equal

Primary Winding Rotor Primary Winding Rotor
Primary Voltage (400 Hz) 26 Volts Primary Voltage (400 Hz) 26 Volts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 me Input Current 187 me
Input Power .54 Watts Input Power 1.1 watts

Accuracy 30 Feet max. Error Spread *l.2S Degrees
Impedance, Zro 54 + J260 Impednce, Zro 32 *-J1SO
Impedance. Zso. 12 * J45 Impedanr,. Zso 6.a +j26

Impedance. Zrs si 4
Rotor DC Resistance 37 Otas Rotor Dr Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 Ohms
Phase Shift 8.5 Degrees

A I - I ICD-GPS-014 &017
I, y ~ *',- 10-7
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INTERFACE SIGNAL CHJARACTERISTICS

SIGNAL "ME TYPE 1/0 FROM TO

Distance. Hundreds Synchro 0 UN HSI & !1014

Functional Description

* Provides angular inforr'ation to rotate the hundreds digit in the rang$
window. Displays aircraft present position distance to the selected weypoint in
100 r= increments. Driven independently of the other distance digits, but read
in Conjunction with them in order to provide the most significant digit for the
distance value.

Signal Characteristics

RANGE: 0 to 9 (O° to 3600)
ACCURACY: # 0.1 (: 3.60)
INDEX REFERENCE:
POSITIVE DIRECTION SENSE: To decreasing values (distance to go)
SCALE .FACTOR: 360 - 1 numeral
RESOLUTION: +*30

Electrical Characteristics (continued on next pig--)

LOAD: 1) HSI, AOU-4/A, Distance Display,, 3-Wire Synchro, CTifton Type
CRC-8-A-1 or ejual

2) BOHI, E5165001400, Distance Di•,lay, 3-Wire Synchro. lB.ndix
Type AY CSO-DO-46-Al or equal

SOURCE: (TB0-1)

Interconnection Data

Wire Type & No.: TwO Single Conductors (X, Y)"
Wire Size: No. 22 AWG

Note: "Z" grounded through AC coemmn.

A/C: F-111A/E
REF: MIL-1-27848

12RS-4-65-3
IF-IllA-2-18-1 A ICO-CPS-014 1. 017
1E-IIIE-2-18-1 I

8-8
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ELECTRICAL CKARACTERISTICS

LOAD 1 LOAD 2

HSI,' AQU4/A, Distance Display, 3-Wire BONI. S516S001400. Distance Display,
Synchro, Clifton Type CRC.8-A-1 or eq~jl 3-Wire •ynchro. Bendix Type AYOSO-OD-

46-AI or equal

Primary Winding Rotor Primary Winding Rotor
Primary Voltage (400 NZ) 26 Volts Primary Voltage (400 Hz) 26 VOlts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Inut Current 100 me Input Current 187 W
Input Power .54 Watts inpu Powe 1.1 WattsAccuracy 30 Feet Max. Error Spread +1.2S Oegretes
1,!n4Ance. Zro S4 * J260 Imedance, Zro 32 *-j150
Impedance, Zso. 12 * J45 Impedance, Zso 6.8 a +46

Impedance. Zrs S7 + 314Rotor DC Resistance 37 Ohms Rotor DC Resistance 24 ON"
Stator DC Resistance 12 Ohms Stator DC Resistnce 7,3 Ohms
Phase Shift 8.5 Degrees

1 1IC-GPS-014 & 017
I" 10-9
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INTERFACE SIGXAL CHARACTERISTICS

SIGKAL WE TYPE I/0 FROM TO

Distance Flag Discrete 0 UE HSI & BIDI

Functional Description

Provides a discrete signal to operate the distance warning flag. The flag
Is normally out of view when the range indicatt)r is operating and the range data
is valid. The flag covers the range indicator when the distance informatIon is
not valid or the device supplying the distance data is not operating.

Signal Characteristics

RAKE: 28 Vdc applied, Flag out of view
28 Vdc not applied. Flag in view

Electrical Characteristics

LOAD: 1) MSI (ACU-4/A), distance shutter mechanism, 28 Vdc meter movement
2) B5H0 (E[16500140). distance shutter mechanism. 28 Vdc meter

movement, W Ohms 4 10%

SOURCE: (TB0-1)

Interconnection Data

Wire lype & No. Twisted Pair
Wire Size: so. 22 AWG

A/C: F-.IIA/E
REF: MIL-I-2784_ _

IF-1lIA.2-18-1 I C-GPS-014 £ 017
FI-IIIE-2-18-I ic

,59'5
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"INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NA TYPE I/0 FROM TO

Thousand, Digit Discrete 0 UE HSI

Functional Description

Provides a discrete output signal to operate the thousand digit of the HSI
when the distacrce to a selected waypoint Is greater than 999 nautical m1les.

Signal Characteristics

Thoqsand Digit In View: 28 Vdc applied
Thousand Digit Out of view: 28 Vdc not applied

Electrical Characteristics

LOAD: MSI (AQU-4/A), thousand digit shutter
Input Voltage: 28 Vdc
Input Current:. 150 ma

SOURCE: (TBO-I)

Interconnectio On ata

(TID-3)

A/C: F-111A/E
REF: MIL-1-27848T.O. F-6-4-I ..

A;'-GPS-04 &017

87 -. 10.1



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL UK TYPE I/O FR1M. TO

To-From Analog 0 Ut MSI

Functional Oescr'D.ton

Provides a d.c. analog signal to drive the To-From indicator. If the
aircraft Is flying toward the waypoint and has not intercepted a referenceline perpendicular to the aircraft ground track and through the waypoint,
the indication will be To. Once past the waypoint reference lite, the indi-
Cation will be From as long as this waypoint is still Selected.

$ignal Characteristics

RANGE: To o +225 a Max
Blank • no signal
From - mZ e Max

Electrical Characteristics

LOAO: HSI (AQU-4/A), To-From Arrow, meter movement ZOO Ohmws 1 5 resistance

SOURCE: (TBO-1)

Interconnection Data

Wirt Type i No.: Twisted Pair
wire Size: No. 22 AuG

A/C: FI-llA/E
RIF: MIL-I-Z7848

IF-IIIE-2-18-1 A-. -nJ4 r 017

J4/ 7
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INTERFACE SIGNAL CHARACTERISTIC

SIGNAL NAUE TYPE 1/0 FROM TO

Horizontal Deviation Analog 0 UE FlI ht Director
Moputer

Functiona Descri pt.lon
Provides a variable d.c. signal that indicates the displacement of the air-

craft to t4.e left or right of a selected course. The displacement represented by
the indicating device will be controlled by UE software and will be dp-indent upon
aircraft fliqht pnaseI Deflection of the indicating device may represent angular
displacement (e.g., 10 for a TACAN approach; 2.5 for ILS) or distance. For an
area navi;gation system, the Area Navigation Subcoittee of the Air Transport
Association's Air Traffic Control Committee has recommended the following ranges
for the flight modes indicated: (a) Enroute: 2.6 miles full scale, (b)
Teminal: 1-2 mit•es full scale and (c) Approach: 600-3000 feet full scale.
rhoico of nrosontxtion (distance/degres) and scales are (TBD-I).

Signam Characteristics

RANGE: 0 to +150 ma
RESOLUTION: 3 a
ACCURACY: .10 lis
INDEX REFERrMCE: Selected course
POSITIVE DIRECTION SENSE: Fly right (*)
SCALE FACTOR. 75 ma/dot on' the indicator.

nfistanco/angular disolacement scale factor (T80-1)

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A. 1000 Oths _ 31
SOURCE: (T`0-1)

IMterconnection Jata
Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111A/E
AEF: MIL.I-27848 ARINC Characteristic 582-5

NIL-C-83013 --
IF-IiA-z-18-I1 A ICD.GPS-014 017

E-111E-2-18-1 -10-13
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INTERFACE SIGNAL ChARACTERISTICS

SIGNAL ANAE TYPE I/O FROM TO

Horzontal Deviation Discrete 0 UE Fliht1Dirac me

Flag I I I

Functional Description

Provides a discrete signal to operate the deviation warning flag or circuit
when the deviation data is unreliable or a malfunction has occurred in the
course deviation circuitry.

Signal Characteristics

RANGE: Deviation signal valid: 245-500 my.
Deviation signal invalid: 0180 mv

Electrical Characteristics

LOAD: Flight Director Computer. CPU-76/A. 1000 Ohms. 3% resistance

SOUnRCE: (T18-1)

Intemonnection Data

Wire Type & NO.: Twisted Pair
Wirt Size: No. ZZ AWG

A/C: F-111A/E
REF: MIL-I-27848

MIL.C-8301 3
IF.111A-2-18-1 A;-GP-Oi4 , 017
IF.1ll.Z.-18-1

8-14
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INTERFACE SIGNAL CHAkACTERISTIC

SIGNAL MKArE TYPE I/0 FROM TO

Vertical Deviation AnMAo10 0 UC Flight Director
Computer

Functional Description
Provides a variable d.c. signal that indicates the displaceet of the 6ir-

craft above or below a desired flight path. The displacement represented by the
Indicating device will be controlled by UE software and will be dependent upix
aircraft flight phase. ^Deflection of the indicating device may represent angular
displacement (e.g.. 0.5* for ILS) or distance. For in area navigation system,
the Area Navigation Subcommilttaa of the Air Transoort Association's Air Traffic
Control Committee has recooi~ended the following ranges for the flight modes
indicated: (a) Enroute: 200 to 2000 feet full scale. (b) Terminal: 60-ZOO feet
full scale and (c) Approach: 40-100 feet full scale. Choice of presentation
(dist¢eAt-orqets) anr scales are (TBO-1).

Signal Characteristics

RM4GE: 0 to. 150 S
RESOLUTION: :> pa
ACCURACY: 1O os
INDEX REFERrNCE: Desired flight path
POSITIVE DIRECTION SENSE: Fly Down (*)
SCALE FACTOR: 75 baa/dot on the indicator.

'istanca/angular dislacement scale factor ('0.l)

Electrical Characteristics

LOAD: Flight Oirector Computer, CPU-76/A, 1000 Ohms 3%
SOURCE: (TBO-i)

Intoecomnection Jata

Wire Type I No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-IIA/E
REF: MIL-C-83013

IF-IIIA-2-17-i ICD-GPS-fl14 • 017

ARINC Characteristic 582-5 10-15

/8/
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INTERFACE SIGMAL CNARAJ RISTICS

SIGNAL NAME TYPE 1/0 FROM TO

Vertical Deviation Discrete 0 tI Flight Diretor
Flog Computer

F'unctional Description

Provides a discrete signal to the Flight Director Computer when the UC
vertical deviation signal is unreliable. This signal is similar to glideslope
flag signal.

Signal Characteristics

RANIGE: Deviation signal valid: 245-500 m,.
Deviation signal invalid: .180 mv.

Electrical Characteristics

LOAD: Flight Director Cornuter, CPU-76/A, 1000 0"ws * 3.

SOURCE: TOD-.1)

Interconnection oats

Wdre Type & 'io.: Twisted Pair
dire Size. No. 22 AWG

A/C: F-111A/E
REF: MIL-C-83013

IF-IIIA.2-17-1
IF.ll[E.Z.17. Al- I C.-P-014 1 017

I -' !"" 1rJ 0-l6
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INTERFACI SIGNAL CHARACTERISTICS

SIGNAL UK TYFE I/O FROM TO

cigital Output Digital 0 UE IINS

Fincrionul Description

Provides position, velocity and time and other paramters (TSD-3) to the
IBNS to update the Inertial Navigation Set and to aid in navigation and
bomting solutions. (See Appendix I.)

S-anal Characteristics

Word/Frame Structure: (TB0-3)
Information Identifier: (TBO-3)
Data Standard: (TBD-3)
Timing Tolerances: (TB9-3)

Electrical Characteristics

(T80-3)

:e^teconectiun Uata

(TOD-3)

A/C: F-111A/E

I..
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11TERFACE SIGNA. CDARACTERISTICS

SIGNAL NMAE I/0 FROM TO
AFRS-Electroric I

magnetic Heading SynCvro I Control Amlifir

Functional Description

Provides angular referecre signal of aircraft heading rile'.lve to magnetic
ilorth.

Signal Characteristics

RANGE: 00 to 3 0°
ACCURACY: *0. S
INDEX REFFROCE: N.,gnetlc Nort.h•
POSITIVE DIRECTIRti ES Gose 0 kint
SCALE FACTOR: J * I
RESOLUTIOiN: (TBOo1)

Electrical Chrarte-i'stics (Continued on next page)

SOURCE: Aux1li:ry Flight Reference System. lecltonic Control Arci1ifler
(ASK 2SA/A24G-26). 3--ire Synch-o. Clifton C61-8.A.7 or equal

LOAD: •TSO-I)

Interconnection Data

wire 'yo# I No.: Twisted Triad
Wire Size: No. ZZ AWG

A/C: F.111A/E
REF: NIIL-C-38418

TQ. SF4-Z1-3 IC-GPS-:, & 0175F4- -4
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ELECTRICAL CHARACTERISTICS

SOJRCE I

Synchro, Clifton Type CGIH-b-A-7 or
equal

Input Voltage 1;-1 4C0Hz
Input Current 29 ma
Input Power 0.8 w
Output Voltage M,A) 1.8V
Sensitivity 20C mv/deg
Phase Shift I' deg
•C Rotor Resistance 700 Ohims

DC Stator Resistance 10 4 Ohms
Im"demnce, Zro 950 * j3, 8SO Orms
Impedance, Zso 10 * j36 Ofms
Imoedance. Zrs$ 1550 * j420 Ohms
Max Null Vo't.g. ;5 mv
Accuracy (Max F--ir 14. minutes

Spread)

IV-GPS-014 GO,4

-10-19
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

True Airspeed Synhro I Central Air UE
Oata Computer

Functional Descriotion

Provides an input of troe airspeed In synchrO format.

Signal Characteristics

RANGE:
ACCURACY:
INDEX REFERENCE: (TM.-Z)
POSITIVE DIRECTION SENSE:
SCALE FACTOR:
RESOLUTION:

Electrical Characteristics (continued on next page)

SOURCE: Central Air Data Comouter, 1g03633-4. 3-Wire Synchro, Bendix
type AY 3005 16A7 or equal

LOAD: (Tao-I)

Interconnection ':ata

Wire Type & No.: 2 Shielded Condictors (X, Y)
Wire Size- No. 22 AWG

Note: "Z* ties to shield ground

A/C: Fr-1UA/E
REF: T.O. 5F5-4-I7-3

T.0, iF-..A--16-..
T.O. 1F-111E-Z-16-1 CO-GPs-014 &

8-2U'l0
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ELECTRICAL CHARACTERISTICS

SOURCE 1 t
Synchro, Bendix Type AY 300S 16A7
or equal

Prmry Windlng Rotor
Input Voltage 26 Vac. 400 Hz
Input Current 91 ma
Input Power 0.6 watts
Output Voltage (max) 11.8V
Phase Shift 9.5 lead
DC Rotor Resistance 50 ohms
X Stator Resistasce 16 ohs
Impedance, Zro 70 4 j305 ohms
IRIcedanca, Zso 16.5 + JS0 ohms
Max Null Voltage 30 my
Accuracy (Max error -10 minutes

Spread)

IAICI-GPSOI014 01,

B-21
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INTERFACE SIGNAL. CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Sarmeetric Altitude Sychr I entral AirUEh~trt A~ttude ynchDatal Comp~uter

FunctionAl Description

Provides an input of barometric altitude in synchro forniat.

Signal Characteristics

RANGE:
ACCURACY:
INDEX REFERENCE: (TBD-2)
POSITIVE DIRECTION SENSE:
SCALE FACTOR:

Electrical Characteristics (continued on next peg*)

SOURCE: Central Atr Data Computer, 1903633-4, 3-wire synchro
Bendix type AY 300C 43A1 or equal

LOAD: (TBDG)

Interconnec*ion Data

Wire Type & No.: Shielded Pair and One Shield;d Conductor
Wire Size: NO. 2? AWG

A/C: F-111A/E
REF: T.O. SF5-4-17-3

TO. IF-I.IA-216-i
T.O. ll.111-.Z.16-1 I GPS-014 5 017

2I-" 10-?
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

Pulse I Inter.ference UE
Blanking Pules PuBlanker

Functional Description

The interference blanker provides blanking pulses to prevent interference
between systems operating in the same frequency spectrum.

Signal Characteristics (see pages 10-24 and 10-25)

Electrical Characteristics

SOUR:E: Interference Blanker, MX-8103/A

LOAD: (TBD-1)

Interconnection Data

Wire Type & No.: Coaxial Cable, RG-58 C/U

A/C: F-IIIA/E
REF: T.O. 12P3-4-22-12

T.O. IF-IIIA-2-22 "
T.O. 1F-lllE-2-Z2 ICD-GPS-014 0 17

MAI 1. " 10-23

Best Available Cp•,
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAM TYPE I/O FkM TO

Pitch Synchro I AMRS UC

Functional Description

Provides An input signal proportional to fuselage pitch attitude with
respect to tile earth's horizon. Signal amplitude Is proportioned to Amount
of fuselage displacenent from level flight and phase indicates direction of
displacement

Signal Characteristics
RANGE: 00 to 0•
ACCURAICY: +0.5•

INDEX REFERENCE: 00 Pitch
POSITIVE DIRECTIRN SEYSE: Nose Up
SCALE FALTOR: 1 1
RESOLUTION: (TBO-')

Electrical Characteristics (continued on next page)

SOURCE: AFRS, 3-Wire Synchro. C11fton Type CGH-.-A*7 or equalElectronic Control Amplifier (ASK-2SA/A24G-26)

LOAD: (TSO-1)

Interconnection : itT

Wire Type I No.: Twisted Triad

Wire Size: No. 22 AWG

A/C: F-111A/F
REF: T.O. 1F-11IA-2.12.1. T.O. SF4-2-21-3.

T.D. SF4-2-21-4. MIL-C-38418
T.O. IF-lllE-2.12-l ICO-GPS-014 A 017

1" I-" 10-3
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ELECTRICAL CHARACTER!STICS

SOURCE 1

Synchro, Clifton Type CGH-8-A-7 or
equal

Input Voltage llSV 400 HZ
Input Current 29 me
Input Power 0.9W
Output Voltage (Max) 11.8V
Sensitivity 206 mv/d*g
Phase Shift 110
DC Rotor Resistance 700 Ohms
DC Stator Resistance 10.4 Ohms
impedance Zro 950 + J3. 850 Ohms
Impedance Zso 10 * J36 "s
Impedance Zr.;S 1550 * J420 OmN
Max Null Voltage 75 mx
AccivraCy (max error 14 minutes

spread)

// -GPS-014 I 017

/ 10-27
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INTERFACE SIGNA. CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Roll Synchro AFRIS UE

Functional Description

Provides an input signal proportioned to fuselage roll attitude with
reference to the earth's horizon. Signal amplitude is proportioned to
amount of fuselage displacement from level flight and phase indicates
direction of displacement

S.!nal Characteristics

RANGE: 00 to .00
ACCURACY: +0
INDEX REFERENCE: Zero Roll
POSITIVE 0IRECTION SENSE: Right Wing Down
SCALE.FACTOR: 1 a 1o
RESOtUTION: (TBD-3)

Electrical Characteristics (continued on next page)

SOURCE: Auxiliary Flight Reference System, Electronic Control Anplifier.
(ASK-2SA/A24G-26). 3-Wirt Synchro. Clifton CGJH-8-A-7 or equal

LOAD: (TBO-I)

Interconnection Data

Hire Type & No,: Twisted Triad
Wire Size: No. 22 AWG

A/C: F-111A/E
REF: T.O. 1F.Il1A-2.12-1, T.O. SF4-21-3.

T.O. SF4-21-C. MIL.C-38418
T.O. IF-IllE-Z-1Z-l ICD-GPS-014 £017

I-, iu-eim
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ELECTRICAL CHARACTERISTICS

SOURCE I

Synchro, Clifton Type CG)o8-A-7
Or equal

Inout VYcUge 115V 400 Hz
Input Current Z9 ma
IhOut Power 0.8w
0•tp.t voltage (max) 11.8V
Sensitivity Z08 mv/deg
Phase Shift 11

DC Rotor Resistance 100 ONs
DC Stator Reslitance 10.4 Ohsy
Impedance Zro 950 # J3. 850 0"s
Impedance Zso 10 - J3f Ohms
lfrrodance ZrSS 1ýr0 * j420 Ohms
Max Null Voltage -M
Accuracy (max error 14 miliutes

spread)

A , .GP¶-Cl - Dl'

j~.v I ." )0-Z
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INTERFACE SIGNAL CIARACTERISTICS

SIGNAL NAME TYPE I/0 FROM A

Digital input Digital I JiNS UE
Data

Functlonal Description

Provides the UE with position. velocities, covariances and other
parameters (TBD-3). (See Appendix 11.)

Signal Characteristics

Word/Frame ýtructure: (TBO-3)
Information Identifier: (TBD-3)
Data Standard: (TMO-3)
Timing Tolerance: (TB8-3)

Electrical Characteristics

(TOD-3)

Interconnecllin Uata

(TBD- 3

AIC> F.-11A'E

-ICO-GPS-014

8-30



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/0 FROM TO

Course Set Sychro I HSI UA

Functicncl Description

.Provide% an electrical reference signal of the course manually selected
by the Course Set control on the HSI. This signal will be used by the UE as
a reference for positioniig the course deviation and To-Fro indicators on
the HSI.

$i2nal Characteristics

RANGE: 00 to 380o0

ACCURACY: O.5 5
RESOLUTION:- 1.0
INDEX REFERENCE. Magnetic North
POSITIVE DIRECTI9N SERSE: Right Hand Incr eftS
SCALE •ACTOR: 1 a 1

Electrical Characteristics (Continued on next page)

SOURCE: HSI (AOU-,/A), Course Resolver. Kearfott Type
CR4091018 or equal

lOAD: (T•-0)

Interconne•1ion Data

Wire Type & No.: Sever single conductors (twis.±d)
Wire Size: No. 24 A"1

A/C: F-IIIA/E
REF: 1F-IIIA-Z-18-o I . ....

MIL-l-27848 r-,s-~ 1

5rS-16.4-1 1-PS-O"4 oil
SF8-15-4-4 -- " 31
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CLLC ;.ILAL CIIAfRAtCIRI1T lL

SWURCE

KSI. AOU-4/A, Course Resolver,
Kearfott Type CR40931018 or equal

Primary Winding Rotor
Input Voltage 26 Yac
Frequency 400 HZ
Input Current 20 ma
Input Power 150 'M"
Input Impedance 1680 /'8 5 ohms
Outout Impedance 1400 A78 ohms
DC Resistance (rotor) 190 oas-
OC Resistance (stator) 170 o0"S
Output Voltage 22 Vac
Sensitivity 384 mv/deg
Maxitum njml voltage 46 mv
Maxlw'y error from 10 "mIutes

electrical zero
Transformation ratio .846

lC:-GP$-014i 01

St 7
5 C -"I

-H-3 -..• l



S~ 9. FUTURE MODIFICATIONS

Modifications for the F-111E include the Airborne Video Tape Recorder,
GPS, Digital Bomb Navigation System, Flex Ballistics Computer, and two ECM
Systems. (ALQ-137 improvements and ALR-62). Table 9-1 lists the present
and future systems in the F-111 family. Figure 9-1 shows the changes in
the forward equipment bays.

The ALR-62 Countermeasures Receiving set is designed to intercept,

detect, and analyze RF threat signals. The threat signals displayed show
type of threat, direction, and lethality. Those signals are then forwarded
to the Self-Protection Subsystem.

The five major CMRS LRUs are:

(1) Dual Channel Receiver (DCR)

(2) Multichannel Receiver (MCR)

(3) Digital Processor

(4) Control Indicator Unit

(5) Antenna Switching Unit (ASU)

The DCR is a dual-crystal video and superheterodyne receiver that
detects both CW and pulsed RF signals. RF input is from the shared SPS
low-band directional antennas (LF and RF). The direction of arrival
detected in logarithmic amplifiers is fed on dual outputs to the Multi-
channel Receiver (MCR) for video combining with other MCR signals.

The MCR accepts inputs from six JSS directional antennas and four
dedicated directional antennas. The inputs from two of the four dedicated
antennas are combined into a single MCR input in the transmission line
coupler. The RF signals are amplified and detected in logarithmic ampli-
fiers, the angle of arrival is detected, and the video is com.bined and
fed to the Digital Processor.

The Digital Processor processes the MCR video to identify threats and
establish priorities on the basis of a stored program. The Digital Proc-
essor also provides display generation, interfacing with other systems,
and self-testing.

The Control Indicator Unit provides a PPI display of the threat param-
eters on the 2.5-inch CRT (with alphanumeric and geometric symbols) and has
a provision for operator control of the system.

The Antenna Switching Unit (ASU) interfaces between the MCR and six
JSS antennas. In the direction finding mode, the ASU sequentially switches
between the six signals. In the omni mode, all signals are processed
simultaneously. ASU switching is controlled by the Digital Processor.

91Best Available Copy
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GPS UE will physically and functionally replace the AN/ARN-118 TACAN
system. The GPS receiver will be installed at the present TACAN location
under door 1202. The antenna is installed above the forward equipment bays,
as shown in Figure 7-1.

The function of the ALQ-137 is to detect hostile CW and the pulsed
signals and automatically respond with programmed jamming against the
following:

. Fire control radars of anti-aircraft artillery (PAA)

. Surface to air missiles (SAM)

* Airborne Interceptors (AI)

. Command Guidance missiles

The AN/ALQ-137 provides deception response in the E through J bands
with four subsystems covering the low band, middle band, forward high band,
and aft high band. Each of the four subsystems consists of a receiver and
amplifier. Forward aft antennas are used to provide proper protection.
Additional threat information is received from the ALR-62 Radar Warning

'Receiver.

The AN/ARC-164, scheduled to replace the ARC-109 in most planes by
1985, operates in the 225 MHz to 399.75 M&7 military band. It provides
a 7,000 channel tuneable UHF receiver; 24. T97 (non'inal) auxiliary guard
receiver; and a 7,000-channel, 10 watt carrier transmitter for voice com-
munications. The AN/ARC-164 Radio Set has two basic configurations --

the console mount and the remote mount.

A-



10. DATA SOURCES

The following sources of data were used in preparing this sumary:

Aircraft and avionics configuration data assembled by ARINC Research,
principally in the form of copies of applicable sections, tables,
and figures from the aircraft technical orders, as well as from
equipment technical orders listed at the end of this section

* Avionics Planning Baseline Document -- October 1978

* GPS Phase II User Equipment Interface Requirements for the F-111A
Aircraft; I September 1977

LIST OF APPLICABLE TECHNICAL ORDERS

Number Title Change Date
NumbeTitl ~Number

1F-111E-01 LOAP -- 4/21/72
IF-111E-2-1 General Information 1 11/17/78
1F-IllE-2-3-1 Auto Flight Control System 20 6/3/77
1F-II1E-2-4-1 Flight Control Systems 22 8/26/77
IF-111E-2-5-1 Fire Power Control System 22 6/17/77
lF-lIIE-2-12-1 Instrument Systems 19 8/19/77
IF-IIIE-2-13-1 Electrical Power and 19 7/22/77

Lighting Systems
IF-IIIE-2-15 Environmental Systems 21 8/19/77
lF-lllE-2-16-1 Air Data Computer System 7 1/5/77
IF-lllE-2-17-1 Communication and ILS 14 8/19/77
IF-I1IE-2-22 Systems Integration 20 6/24/77
5F5-4-17-2 Control Air Data Computer 1 9/30/76
12P2-2APQlI0-12 TFR Set 10 3/15/74
12P2-2APQ11O-52 TFR Indicator 3 3/22/74
12P2-APQL13-12 Radar Set 0 1/28/77
12P4-2APX64-2 Radio Receiver Transmitters 17 11/22/77
12P5-2APN167-12 Altimeter Set 12 5/3/74
12R2-2AIC25-2 Intercom Set 21 3/15/77
12R2-2ARC109-4 Radio Set 9 6/15/76
12R2-2ARCI09-42 Radio Receiver 2 6/1/77
12R2-2ARC123-2 Radio Set 15 10/15/76
12R5-2ARN52-2 TACAN Set changed 10/1/69
12R5-2ARN52-12 TACAN Set 4 2/15/73
12R5-2ARN58-2 Radio Receiver 6 5/13/77
12R5-2ARN118-1 TACAN Set 0 10/15/76
12R2-2ARC164-2 Radio Set 0 6/20/76

10-1



AVIONICS INTERFACE DATA SUMMARY

FOR

F-111F

October 1979

Issued by

/The Deputy for Avionics Control
ASO/AX

A Joint AFSC/AFLC Organization
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FOREWORD

This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was. prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.
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1. INTRODUCTION

This document contains configuration data relating to the integration
of additional avionics into the F-l1F aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC
Research Cirporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.
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2. COCKPIT SPACE

Figures 2-1 Chrough 2-5 depict the consoles and instrument panels for
the F-lllF. There is a relatively large amount of blank panel space in
the present configuration of the F-111F cockpit, as illustrated in Figure
2-1. The general crew station arrangement of Figure 2-1 shows that blank
panel space exists on the left and right verti.al control panel consoles,
as well as on the left- and right-side contri panel consoles.

" There are two blank spaces at the bottom of the left vertical con-
trol panel console. The topmost blank, panel A, is 5-3/4"W x
1-3/4"H x 2"D. Below it is panel B, which is 5-3/4"W x 1-1/2"H
x 2"D.

"* There are two blank panels on the right vertical control panel
console. Panel C is approximately the same size as panel B. Panel
D is considerably larger. PAVE TACK and data link are proposed
for the panel D area.

"* Two blank panels exist on the left-side control panel console in
spaces E and F, to the left and right of the autopilot damper con-
trol. Panel E is 5-3/4"W x 1-1/4"H x 4-3/4"D. Panel F, which is
the proposed locations for ILS, is 5-3/4"W x 2-5/8"H x 7"D.

" The right-side control panel console contains three blank panel
spaces. Panels G and H to the left and right of the CMDS control
panel are approximately the same surface size as panels E and F.
Panel I is 5-11/16"W x 3-5/16"11 x 7-1/2"D and the proposed site
for PAL Options II or III. Panel : is expandable to 7-11/16"W
x 4-9/16"H x 7-1/2"D.

"A blank space, J, exists on the right main instrument panel just

to the left of the navigation display. This space is 2"W x 7-5/8"H.

Figures 2-2 through 2-5 are illustrations of the left and right main
instrument panels and the left and right sidewalls.
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I Autopilot/Damper Panel (See fig 1-25/
2 Throttle Panel (see fig 1-4) '
3 Left Sidewall (See fig 1.18)

4 MIscellaneous Switch Panel (See ig 1-55)
5 Auxiliary Gage Panel (See fig 1.14)
6 Internal Canopy Latch Handles (2) 14
7 Left Main Instrument Panel (See fig 1.5)
8 Mirrors (4)
9 Canopy

10 Thermal Curtain (21
II Canopy Center Beam Assembly iSee fig 1-45) 23 IFF Control Panel (See fig -56)
12 Magnetic Compass 24 Electrical Control Panel (See fig I.l0)
13 Right Main Instrument Panel (See fig 1.29) 25 Air Conditioning Control Panel (See fig 1.38)
14 Right Sidewall (See fig 1.40) 26 TFR Control Panel (See fig 1-73)
15 Weapons Control Panel (See fig 1-61) 27 Fuel Control Panel (See fig 1.81
16 Computer Control Panel (See fig 1 -60) 28 Antenna Select Panel (See fig 1.57)
17 HF Radio Control Panel (See fig 1 .50) 29 Compass Control Panel (See fig 1.28)
18 Inlerphone Control Panel (2) (See fig 1-52) 30 Windshield/Ant.lc ing Control Panel (See fig 1.41)

"19 CMDS Control Panel (See fig 1-781 31 Left Station Oxygen.Suit Control Panel (See fig 1.44)
"20 ECM Pod Control Panel 32 Oxygen Gage (See fig 1.44)
21 ILS Control Panel (See fig 1.54)
22 Election Handles (2) See T 0 tF.111F-1.3 ,eeoe et(

14
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1. Air/Air It Missile Switch.*
2. Gun/Comera Control Switch.
3. Reference Not Engaged Caution Lamp.
4 Wing Sweep Flop, Slot Position Indicator.
5. Sell-Contoaned Attitude Indicator.

6. External Stores J)tt"son Sutton
7r Londang Gear Control Panel
8 Angle of Attack Indeser

9 Marker Beacon
10. Left Warning and Caution Panel
11. Note W•eel Steering, Air

Refueling Indicator Lamp.137 .1
12. Main Caution Lamp Panel ,,'

14 33

9 36

3238

13 Head Up Display and 22. ConopyCabon Pressur 31. Clock.
Control. Warning tamp, 32. Hydraulic Pressure Indicators.

14. Integrated Flight Instruments. 23 Upper Worming und 33. Master Coution Lamp.
15. F~aghl Data Panel. Caution Lamps 34. Fuel Ouonlty Indicator
16. 1.0. Tritn/MSI Searing Panel. 24 Mode Select Coip~er Panel. Test Button.
17. Agent Discharge/Fire Detect 25 Engine locho-eterf, 35. Fuselage Fuel Ouontity

Test Switch. 26. Engine Turbine Iflet Indicator.
18. Engine Fire Pushbuton Temperature In•o.dtcfs 36. Radio Coll Panel

Warning Lamps. 27. Engine Fuel Flow Indicators 37. Total/Select Fuel

19. Fuselage Fire Putshbutton 28. Engine Nozzle Posion Oaantity Indicator.
Warning Lamp. Indicators 38. Fuel Ovontify Indicator

20 Radar Altmeter 29. Engine Pressure Rntio Indicators Selector Knob

21. Stall Worning Lamp 30. Engine Oi P,essue indicotors

Figure 2-2. [XEFT INIAIN TNSTIt::,1i:NT PANEL (TYPICAL)

1-13
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3. AVIONICS SPACE

The F E stummary (Table 3-1 and Figure 3-1) illustrates the avionics
space availability in the F-111F. At present there are two unused spaces
under door 1202 and one space available under door 1201. Another space
under door 1101 would become available if the ARA-50 is removed and the
optical sight unit is turned on end.
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4. ELECTRICAL POWER SYSTEM

A 4.1 Introduction

115/200 volt, three phase, 400 cycle ac power and 28 volt dc power are
provided for the electrical power system in the F-lllF. This power is gen-
erated by two 62.5 kVA ac generator drive assemblies, one mounted on each
engine. These generators are supplemented by two 150 amp transformer rec-
tifier units that convert the ac power to 28 volts dc. An aircraft battery
supplies 28 volts dc to the battery bus and the dc start busses. The
electrical power system consists of the following systems:

. Main ac power system

. External ac power and monitor system

. Emergency ac power system

. Dc power system

4.2 Power Requirements

In the F-111A, there is a basic avionics electrical power requirement
of 40 kVA.

4.3 Power Generation and Distribution

The main sources of electrical power are 62.5 kVA indirect drive gen-
erators. The control units for these generators are in the forward equip-
ment bay. The electrical power distribution system as three ac busses:
A left main ac bus, a right main ac bus, and an essential ac bus.

4.4 Emergency ac Power System

The emergency ac power system provides electrical power for operation
of safety-of-flight equipment in the event the main ac power system fails
or hydraulic power is applied to the aircraft without electrical power, or
both. The emergency ac power generator is operated by the utility hydraulic

.system.

4.5 Dc Power System

The dc ,ower system supplies the aircraft with the necessary 28-volt
direct current power. The main dc power system uses two ac-to-dc power
converters to supply the main and essential dc busses. The aircraft bat-
tery ensures that standby power is available to power engine starts, air-
craft position lights, and pylon refuel/defuel valves without external
power units.

4-1 5,97
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5. ENVIRONMENTAL CONTROL SYSTEM

5.1 General

The Environmental Control System (ECS) provides temperature controlled
air for the cockpit and a temperature controlled flow of cooling air to the
forward electronics bay and to the weapons bay. The ECS operates by duct-
ing hot air from the sixteenth stage compressor and each engine through two
air-to-air heat exchangers, and air-to-water heat exchanger, and a cooling
turbine. The cooling turbine further cools the air to temperatures suitable
for the cockpit and electronic equipment bays.

5.2 Cabin Air Conditioning

Cabin air conditioning is governed by a temperature controller that
receives signals from temperature sensors and a cockpit control panel. The
temperature controller allows hot air to mix with the cooled air stream to
obtain air at the cockpit-selected temperature. Conditioned air flows from
the cabin into the forward equipment bay.

5.3 Equipment Air Conditioning

Electronic equipment that is cooled by the ECS is grouped in the for-
ward equipment area, cabin equipment area, aft (check) equipment area, main
landing gear wheelwell area, and tail electronics area. The equipment is

cooled by both area cooling and forced-air flow cooling. Area cooling is
achieved by supplying cold air to the equipment area as required to main-
tain the temperature at 1500 (±100) F. In addition, a cold air flow can
be forced over or into a component or group of components.

5-1 3 .L



6. CURRENT AVIONXCS

Tables 6-1 through 6-22 contain LRU data relating to the F-11IF avi-
onics systeme that make up the current or near-term configuration. Where

no entries are shown, the data were not available for this report. Data
pertaining to future avionics modifications are presented in Section 9.
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7. ANTENNA LOCATIONS

Figure 7-1 shows the approximately locations of the antennas on the
F-lllF. Antenna nomenclature from the current technical orders is as
follows:

Antenna Nomenclature or
Part Number

1. Glide Slope Strip 12Z519-7
Glide Slope Plate 12Z517-1

2. ADF AS-909/ARA-48
3. IFF (Upper) and UHF Data Link 11D020100-6
4. Radio Beacon Set AN/URT-27 or -33
5. UHF No. 1 and TACAN Upper 11D020100-6
6. HF Dorsal 12T501-807

HF Vertical 12T010-849
7. IFF Lower AT-741B/A
8. Localizer (2) TBD
9. Low and Medium Frequency Radar Homing (4) LH Installation 12E2239-5

10. Forward Radar Warning (2) RH Installation 12E2239-6
11. High Frequency Radar Homing (4) R
12. Terrain Following Radar (2) AS-2136/APQ-110
13. Attack Radar AS-1749/APQ-113
14. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1
AN/ALQ-94 ECM No. 7 12E2909-1

15. Radar Altimeter LG81G3
16. AN/ALR-62 311190-1
17. AN/ALQ-94 High Band Wing Glove (4) 12E2989-1

AN/ALQ-94 Medium Band Wing Glove (2) 12E2987-1
AN/ALQ-94 Low Band Wing Glove (4) 12E2988-1
AN/ALQ-94 Mid Band, Transmit Wing Glove 12E2999-1

(2)
18. AN/ALR-62 (2) 12E2982-1
19. AFT Radar Warning (2) 12E805-1
20. AN/ALQ-94 ECN No. 9 LH (3) per assembly 12E2910-3

AN/ALQ-94 ECM No. 9 RH (3) per assembly 12E2910-1
21. UHF No. 2 and TACAN Lower 11D20100-3
22. AN/ALQ-94 ECM No. 3 12E2907-1

AN/ALQ-94 ECM No. 5 12E2908-1
AN/ALQ-94 ECM No. 7 12E2909-1

23. Marker Beacon 16D00500

7-1
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S. INTERFACE DATA

This section contains examples of interface signal characteristics.
These data were extracted from applicable sections of the Interface Control

Documents (ICDs) for integration of GPS user equipment in the P-111F air-

craft. Each sheet discusses a particular signal. The top line contains

the signal name, type of signal (digital, analog, discrete, or synchronous),
signal source and load, and whether the signal is an input or output of the
GPS user equipment. A functional description follows, together with a
description of the signal's characteristics.

8-1 /



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAUE TYPE 1/O no TO

Bearing Synchro 0 UE HSI and 141ti

Functional Description

Provides angular information to the bearing pointer' to display relative
bearing of the aircraft's present position to selected waypoint. The relative
bearing is the difference, in degrees, between the lubber line and the bearing
pointer as read froum the compass card.

*No. 1 pointer on BD0I!

Signal Characteristics
RANGE: Do to 36Oo
ACCURACY: +0.50
INDEX REFER!•4CE: Aircraft Heading
POSITIVE DIRECTION SENSE: Increasing bearing
SCALE FACTOR: 11' 1a
RESOLUTION: HSI +.2.50, OH! 4I".50

ETictrical Characteristics (continued on next page)

LOAD: 1) HSI, AQU-4/A. Bearing Pointer, 3-Wire Synchro. Bendix Type
AY-500-5 or equal

2) BD391, E5165O01400, No. 1 Pointer, 3-Wire Sync".o. Bendix
Type AY-IO0 HY-59-Al or equal

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Twisted Triad
Wire Size: No. 22 AWG

A/C: Fl111F
REF: MIL- 1-27848

12R-4-5-I I3- -IF-11IF-2-18-1

8-2



ELECTICAL CHARACTERISTIC$

SIA)I LOD 2

115. AQU-4/A, Bearing Pointer, 3-Wire BONI, E 5165001400, No. 1 Pointer,
Synchro. Bendix Type AY-500-5 or equal 3-Wire Synchro, Bendix Type AY-l00 HY-59-

Al or equal

ROTOR

Input Voltage 26 Volts Primary Winding Stator
Frequency 400 Cycles Primary Voltage (400 Hz) 11.8 Volts
Input Current - NO Secondary Voltage 20.3 Volts
Input Power -- Watts Input Current .020 Amps
Resistance (DC) 530 Oth Input Power .060 Watts

Max. Error Spread +6 Minute
STATOR Max. Null Voltage ]b mv t
Input Voltage 11.8 Volts Zro 595 + .12130
Input Current 21. mA Zso 750 + J369
Input Power 0.090 watts Rotor DC Resistance 409 Ohms
Resistance (DC) 188 Ohms Stator DC Resistance 1200 Ohms
Rotor Output Voltage 19 Volts
Phase Shift (S to R) 15 Degrees
Accuracy (Max) 15 Minutes
Null Voltage (Max) so mv

IMPEDANCE

Zso 222 + J470 Ohm
Zro 940 + J2260 Ohms
Zrss 1050 + J450 Ohms

"ICD-GPS-015
- 1"" ... 2 1 0" o3

8- //t
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INTERFACE SIGNAL CKAACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance. Units Synchro 0 IU HSi & BDH|

Functional Description

Provides angular information to rotate the units digit in tne range window.
Displays &ircraft present position distance to selected waypoint In 1 Mn incre-
ments (0.5 nm indexed). Driven independently of other digits, but leld in con-
junction with them in order to provide the least significant digit.

Signal Characteristics

RANGE: 0 to 9 (00 te 3§0q)
ACCURACY: * 0.2 (+ 7.2')
INDEX REFERrNCE: IT
POSITIVE M)RECTION SENSE: To decreasing values (distance to go)
SCALE FACTOR: 360 • 1 numeral
RESOLUTION: +30

Elbctrical Characteristics (continued on next page)

LOAD: 1) HSI, AQU-4/A. Distance Display, 3-Wire Synchro, Clifton Type
CRC-8-A-1 or equal

2) BDHI, E5165001400. Distance Display, 3-Wire Synchro, Bendix
Type AY 080-DD-46-Al or equal

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Two Sin le Conductors (X. Y) °
Wire Size: No. 22 AUG

Note: 'Z' grounded through 26 Vac common.

A/C: F-111F
REF: MIL- 1-27848

IF-IIIF-2-18-1 "I(CD-GPS-025

- 4,, 10-4
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ELECTRICAL CHARACTERISTICS

LOAD I LOAD 2

HSI, ANU-4/A. Distance Display, 3-Wire 80H1, E5165001400. Distarce Display.
Synchro. Clifton Type CRC-8-A-1 or equal 3-Wire Synchro, kndix Type, AY 080-D,5-

46-Al or equal

Primary Winding Rotor Primary Windino Rotor
Primary Voltage (400 Hz) 26 Volts Primary Voltage (400 Hz) 26 Volts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 ma Input Current 187 ma
Input Power .54 Watts Input Power 1.1 Watts
Accuracy 30 Feet Max. Error Spread +1.25 Degrees
Impedance, Zro 54 . J260 Ohms Impedance, Zro 32 " JlSO
Impedance, Zso" 12 + J45 Ohms Impedance, Zso 6.8 + J26

Impedance, Zrs 57 * J14
Rotor DC Resistance 37 Ohm Rotor DC Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 Otms
Phase-Shift 8.5 Degrees

1A
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance. Tens Synchro 0 UE Hsi & BONI

Functional Description

Provides angular Information to rotate the tans digit in the range window.
Displays aircrift Present position distance to selected waypeint in 10 rM Incre-
ments. Driven independently of other distance digits but read in conjunction
With them.

Signal Characteristics

RANGE: 0 to 9 (00 to 3600)
ACCURACY: *O.2 (+7.20)
INDEX REFERrNCE: "0
PO'SITLYE DIRECTION SENSE: To decreasing values (distance to go)
SL4.LE FACTOR: 360 - 1 numeral
RES.LUTION: +30

Elictrical Cha, -- teristics (continued on next page)

LOAD: 1) HSI, AQu-4/A, Distance Display. 3-Wire Synchro. Clifton Type
CRC-B-A-1 or equal

2) BDHI, ESf165001400, Distance Display. 3-Wire Synchro, Bendix
Type AY 080-DD-46-Al or equal

SOURCE: (TOD-1)

Interconnection Data

Wire Type & No.: Two Single Conduct)rs (X. Y)
Wire Size: No. 22 AWG

Note: "Z" grounded through 26 Vac common.

A/C: F-111F
REF: MIL-I-27848

12R5-4-65-3 ,
IF-1IIF-2-IB-1 A ICD-GPS-015

!" " I" o10-6
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ELEMCTIcAL CHAcmACTRIsTICs

LOAD I LOAD 2

HS, AQU-4/A, Distance Display. 3-Wire BONI. E5165001400, Distance Display,
Synchro, Clifton Type CRC-8-A-l or equal 3-Wire Synchro, Bendix Type AYO8O-DD-.

46-Al or equal

Primary Winding Rotor Primary Windina Rotor
Primary Voltage (400 Hz) 26 Volts Priimry Voltage (400 HZ) 26 Volts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 m Input Current 187 m
Input Power .54 watts Input Power 1.1 wattsAccuracy 30 Feet Max. Error Spread 1 .25 Degrees
Impedance, Zro 54 + J260 Ohms Impedance. Zro 32 +-j150 Ohms
apedance. Zso. 12 4 J45 Ohm Impedance, Zso 6.8 * J 26 Ohms

Impedance. Zrs 57 4 J14 OhmsRotor DC Resistance 37 Otuh Rotor DC Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 Ohms
Phase, Shift 8.5 Degrees

S. ICD-GPS-O I

I-V 1 10-7
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Distance, Hundreds Synchro 0 UE HSI & BON!

FunctionaI Description

I Provides angular information to rotate the hundreds digit in the renge
window. Displays aircraft present position distance to the selected waypoint in
100 ym increments. Driver independently of the other distance digits, but read
in conjunction with them In order to provide the most significant digit for th
distance value.

Sicnal Characteristics

RANGE: 0 to 9 (00 to.360P)
ACCURACY: +0.2 (+7.20)
INDEX REFERMhCE: -0
POSITIVE DIRECTION SENSE: To decreasing values (distAnce to go)
SCALE .FACTOR: 36o 1 nueral
RESOLUTION: _3

Electrical Characteristics (continued on next page)

LOAD: 1) HSI, AQU-4/A, Distance Display, 3-Wire Synchro, Clifton Type
CRC-8-A-1 or equal

2) BDHI. E516S001400, Distance Display, 3-Wire Synchro, Bendix
Type AY 080-DD-46-Al or equal

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Two Single Conductors (X. Y)'
Wire Size: No. 22 AWG

Note: "Z' grounded through AC cotmn.

A/C. F-111F
REF: MIL-!-27848

12R5-4-65-3
IF-ItIF-2-18-1 I-'PS-0..
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L MCThICAL CHARACTERISTICS

LOADI LOAD2

HSI, A)U-4/A, Distance Display. 3-Wire DHI, E51650014D,. Distance Display,
Synchro. Clifton Type CRC-8-A-l or equal 3-Wire Synchro, Bendix Type AYOBO-DOD-

46-Al or equal

Primary Winding Rotor Primary Windtnq Rotor
Primary Voltage (400 Hz) 26 Volts Primary Voltage (400 HZ) 26 Volts
Secondary Voltage 11.8 Volts Secondary Voltage 11.8 Volts
Input Current 100 mw Input Current 187 ma
Input Power .54 watts Input Pbwer 1.1 watts
Accuracy 30 Feet Max. Error Spread .1.25 D*eges
Impedance. Zro 54 + J260 Ohmts Impedance, Zro 32 *-j150 Ohm
Impedan:e, Zso. 12 + J45 Ohms Impedance. Zso 6.8 a 126 Ohm%

Imedance, Zrs 573 14 Ohms
Roor DC Resistance 37 Os Rotor DC Resistance 24 Ohms
Stator DC Resistance 12 Ohms Stator DC Resistance 7.3 Ohms
Phase. Shift 8.5 Degrees

ICD-GPS-015

B-
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JNMERJE SIGNAL CKARACTERISTICS

SIGNA KANE TYPE 1/0 FROM9 To

Distance Flag Discrete 0 Hsi & BONI

Functional Description

Provides a discrete signal to operate the distance warning flag. The flag
Is normally out of view when the range indicator is operating and the range data
Is valid. The flag covers the range indicator when the distance information is
not valid or the device supplying the distance data is not operating.

Sional Characteristics

RAN•E: 28 Vdc applied, Flag out of view
28 Vdc not applied. Flag in view

(

El;ctrical Cbaracteristics

LOAD: 1) HSI (AQU-4/A), distance shutter mechanism, 28 Vdc meter movemefnt
2) BDH] (E5165001400), listance shutter mechanism, 28 Vdc meter

movement. 625 Ohms + 101

SOURCE: (TB-I)

Interconnectoion Data

Wirt Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111F
REF: MIL-1-27848

1FiIiF.-2-18-1 .ICD-G.PS-015

/

8-I0
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" .INTERFACE SIGNAL. CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FMI TO

Thousand, Digit. Discrete 0 UE HSL...

Functional Description

Provides a discrete output signal to operate the thousand digit of the HSI
when the distance to a selected waypoint is greater than 999 nautical miles.

Si•nal Characteristics

Thousand Digit In View: 28 Vdc applied
Thousand Digit Out of View: 28 Vdc not applied

Electrical Characterislics

LOAD: HSI (AQU-4/A), thousand digit shutter
Input Voltage: 28 Vdc
Input Current:. 150 ma

SOURCE: (TBD-1)

Interconnection Data

(TBD,3)

A/C: F-111F
REF: MIL-1-27848

"- "v I 10l- 11



INTERFACE SIGNAl. CHARACTERISTICS

SIGNAL .AIME TYPE 1/O FROM TO

To-Fro - Analog 0 UE HSi

FVmctional Description

Provides a d.c. analog signal to drive the To-From indicator. If the
aircraft is flying toward the waypoint and has not intercepted a reference
line perpendicular to the aircraft ground track and through the waypolnt.
the indication will be To. Once post the waypoint reference line. the indi-
cation will be From as long as this waypoint Is still selected.

Stonal Characteris tics

RANGE: To a +225 ua Max
Blank a no signal
From s -225 Pa Max

Electrical Characteristics

LOAD: HSI (AQU-4/A), To-From Arrow, meter moveoent 200 Ohmls + 15%

SOURCE: (TDD-1)

Interconnection Data

Wire Type A No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111F
REF: MIL-1-27848

8-12



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

Horizontal Deviation Analog 0 UE Flight Director
Comuter

Functional Description
Provides a variable d.c. signal that indicates the displacement of the air-

craft to the left or right of a selected course. The displacement represented by
the indicating device will be controlled by UE software and will be dependent upon
aircraft flight phase. Deflection of the indicating device may represent angular
displacement (e.g., 100 for a TACAN approach; 2.5 for ILS) or distance. For an
area navigation system, the Area Navigation Subcommittee of the Air Transport
Association's Air Traffic Control Committee has recoonended the following ranges
for the flight modes indicated: (a) Enroute: 2-6 miles full scale, (b) Terminal:
1-2 miles full scale and (c) Approach: S.,i-3O00 feet full scale. Choice of pre-
sentation (distance/degrees) and c:,les are (TBD-1).
Signal Characteristics

RAN4GE: 0 to + 150•a
RESOLLTION: I pa
ACCURACY: +10 pa
INDEX REFERrNCE: Selected course
POSITIVE DIRECTION SENSE: Fly right (4)
SCALE FACTOR: 75 isa/dot on the indicator.

Distance/angular displacement scale factor (TBD.1).

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A, 1000 Ohms +3%

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111F
kEF: MIL-1-27848

NIL-C-83013 - -
1F-111F-2-18-1 ICD-GPS-015
ARINC Characteristic 582-5

8-13



INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE i/o FROM TO

Fli ht Di rectorHorzontal Deviation Discrete 0 Ur F ,,•IDuer

Flag I

Functional Description

Provides a discrete signal to operate the deviation warning flag or circuit
when the deviation data is unreliable or a malfunction has occurred in the
course deviation circuitry.

Sinal Characteristics

RANGE: Deviation signal valid: 245-500 my.
Deviation signal invalid: ý180 my.

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A, 1000 Ohms, + 3%

SOURCE: (TBD-1)

Interconnection Data

Wire Type A No.: Twisted Pair
Wire Size: No. 22 AUG

A/C: F.-llF
REF: MIL-1-27848 _ _ _,_ _ _

MIL-C-83013 I""'ID-
IF-I11F-2-18-1 I CD-GPS-015
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Vertical Deviation Analog 0 UE Flight Director
Computer

Functional Description
Provides variale d.c. signal that indicates the displacement of the air-

craft above or below a desired flight path. The displacement represented by the
indicating device will be controlled by UE software and will be dependent upon
aircraft flight phase. ^Deflection of the indicating device nmy represent angulardisplacement (e.g., O.S for ILS) or distance. For an area navigation system, the
Area Navigation Subcoumittee of the Air Transport Association's Air Traffic Con-
trol Committee has recommended the following ranges for the flight modes indicat-d:
(a) Enroute: 200 to 2000 feet full scale, (b) Terminal: 60-200 feet full scale and
(c) Approach: 40-100 feet full scale. Choice of presentation (distance/degrees)
and scales are (TBD-1).

Signal Characteristics
RANGE: 0 to +150 Ma
RESOLUTION: I pa

ACCURACY: +10 Ma
INDEX REFERrNCE: Desired flight path
POSITIVE DIRECTION SENSE: Fly down (+)
SCALE FACTOR: 75 Ma/dot on the indicator.

Distance/angular displacement scale factor (TED-1).

Electrical Characteristics

LOAD: Flight Director Computer, CPU-76/A, 1000 Ohms +3%
SOURCE: (TEBD-1

Interconnection Data

Wire Type & No.: Twisted Pair
Wire Size: No. 22 AWG

A/C: F-111F
kEF: MIL-C-83013

ARINC Characteristic 582-5 ICD-GPS-015

-, jev "' 10-1
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL AMAE TYPE I/0 FROM TO

Vertical Deviation Discrete 0 UE Flight Director
Flag Computer

Functional Description

Provides a discrete signal to the Flight Director Computer when the UE
vertical deviation signal is unreliable. This signal Is similar to glideslope
flag signal.

Signal Characteristics

RANGE: Deviation signal valid: 245-500 my.
Deviation signal invalid: 180 my.

Electrical Characteristics

LOAD: Flight Director Cowuter, CPU-76/A. 1000 Otms 13%

SOURCE: (TBD-1)

Interconnection Data

Wire Type & No.: Twisted Pair
Wirt Size: No. 22 AWG

A/C: F-111F
REF: MIL-C-83013

SICD-GPS-015

1- ty I" 1o-16
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INTE1RFACE SIGNA•L CHtARACTERISTICS

SIGNAL NAM'E TYPE 1/0 FROM To

Digittal Output Digital 0 UE Ills Converter-
Data Kulttplexer

FunCtional Description

Provides the following digital data to update the INS and to aid in
navigation and bcfting solutions:

1) Latitude 4) Direction Cosines (xxyx.zx)
2) Longitude 5) Time
3) Velocities (x.y.z) 6) Display data

Signal Characteristics

Serlial digital data (see Appendix II1)

Electrical Characteristics

Voltage level!: Logic I a +3.25 +0.75 volts
Logic 0 , -0.3 .0.7 volts

Current levels: Outout drivers shall have a 20 ma current sink capability
at logic 0 level and source 20 ra at logic I level

Interconnection Data

Uire Type & No.: S conductors; one shielded pair and one shielded triad
Wire Size: NIo. 22 AtJG

A/C: F-IIIF
REF: IF-11iF-2-5.1

FZE-12-6073 ICO-GPS.015

INV 1i 10-17
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Digital Input Digital !I IBNS Converter- UC
Data Multiplexe

Functional Description
Provides the UE with the following digital data to aid in acquiring

satellites and improving AJ capabilities:
1) Latitude 6) True Heading
2) Longitude 7) True Airspeed
3) Velocities (N/S, E/W, Vertical) Sj Barometric altitude
4) Direction Cosines (xx,yxzx) 9) Attitude (pitch, roll)
5) Magnetic Heading 10) Control data

Signal Characteristics

Serial digital data (see Appendix III)

Electrical Characteristics

Voltage levels: Logic I - *3.25 +O.75 volts
Logic 0 0 -0.3 *O.7 volts

Current levels; Output drivers s~all have a ZO ma cu.v'et sink capability
at logic 0 level and source 20 as at logic 1 level

Interconnection Jata

Wire Type A No.: 5 conductors; one shelded pair and one shieltied triad
Wire Size: No. 22 AWG

A/C: F-1I1F
pLF: 1FoII1F-2-5-1

l- ~l" I ,IF-11IF-2-ZZ
FZE-12-6073 ICD-GPS-015

I wa je A - 10-ic
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE I/O FROM TO

Blanking Pulses Pulse Interference

Functional Description

The interference blarker provides blanking pulses to prevent interference
betweelnsystems operating in the same frequency spectrum.

Signal Character'stics

(See pages 10-20 and 10-21.)

Electrical Characteristics

SOURCE: Interference Blanker. MX-8103/A

LOAD: (TBD-]1

Interconnection Data

Wire Type & No.: Coaxial Cable, RG-58 C/U

A/C: F.1l1F
REF: T.O. 12P3-4-22-12

T.O. IF-11F-2-22-1 jA; ICD-GPS-015

R10-19
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INTERFACE SIGNAL CHARACTERISTICS

SIGNAL NAME TYPE 1/0 FROM TO

Course Set Synchro I HSI UE

Functional Description

Provides an electrical reference signal of the course mnually selected
by the Course Set control on the HSI. This signal will be used by the UE as
a reference ior positiuning the course deviation and To-Frm indicators on
the HSI.

Signal Characteristics

RANGE: 00 to 38O0
ACCURACY: +0.5
RESOLUTION:- 1.00
INDEX REFERENCE: Magnetic North
POSITIVE DIRECTI ON SEUSE: Right Hand IncrementsSCALE FACTOR: lu- V

Electrical Characteristics (Continued on next page)

SOURCE: HSI (AQU-4/A). Course Resolver, Kearfott Type
CR40931018 or equal

LOAD: (TBD-i)

Interconnection Uata

Wire Type & No.: Seven single conductors (twisted)
Wire Size: No. 24 ficG

A/C: F-1i1D

,iF: IF-111D-2-18-1

MI--74 TCD-GPS-015

- ~ 1"" l-" 10-22
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ELECTRICAL CNAUCTIERISTICS

SOURCt

HSI, AOU-4/A, Course Resolver,
Kearfott Type CR40931018 or equal

Prirary Winding Rotor
Input Voltage 26 Vac
Frequency 400 HI
Input Current 20 me
Input Power 150 W
Input Impedance 1680 /8 ohms
Output Impedance 1400 = o- O
DC Resistance (rotor) 190 ohms
OC Resistance (stator) 170 ohms
Output Voltage 22 Va'
Sensitivity 384 mv/deg
Maxlmu null Voltage 46 my
Maximum error from

electrical zero 10 mihutes
TransformAtion ratio .846

A ICD-GPS-015
.Tw 10-23

, - 64do
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30. F-li1F DIGTTAL CHARACTERISTICS

The following section provides a brief description of the digital signal

characteristics of the F-111F IBNS.

30.1 Word/Frame Structure. The serial digital data input and output of

the Converter set are in the form of a bit-serial, word-serial pulse train

over data channels consisting of five lines each. One pair of lines transmits

data in true (DATA) and in one's complement (DATA) form. The second pair of

lines transmits synchronizing signals In true (SYNC) and in One's complement

(SYNC) form. The fifth line serves as a signal return. Data words contain

26 bits on a non-return-to-zero (NRZ) basis. Synchronizing signals are pulse

groups, each group containing 26 pulses which are concurrent with the data

word, but are In a return-to-zero (RZ) format.

Each channel is canable of handling a maximum of 64 data words. Both the

data word and the synchronizing pulse groups (SYNC) are separated by gaps that

are equal to six pulses (60 microseconds). The sync pulses synchronize data

bits and the pulse gap synchronizes data words. The data word content of each

channel is processed cyclically, one word after another until all words are

processed.

The waveform of an input or output serial digital word sync pulse grouo

and the waveform and bit construction for an input or output serial digital

word is shown in Figure I11-1.

30.2 Information Identifier. Each word contains a 6 bit address field

which identifies each word as one of 64 in each serial channel.

30.3 Timing Tolerances. The data transmission rate is 100 kilobits

per second. The lead or delay of a serial data signal w1th respect to its

data complement signal shall not exceed 0.250 Psec. The lead or delay is to

be measured at the SO% amplitude of the rise and fall transitions of each

signal. The lead or delay of a serial data clock synchronization signal with

respect to Its complement Shell not exceed 0.250 /sec when measured at the

501 amplitude points.

30.4 Data Standards. Data standards for the F-111F are summarized in

Table 111-1.

A ICD-GPS-015

- v -_30-2

/
/
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TABLE 111-1. DIGITAL DATA STANDARDS

1 Sigificant
Signal Nam Units Ron" Resolution Wlts

Latitude (Calculated from oJwr parameters)

Longitude Smicircle +1 1/1048576 22

Vx ft/sec +2048 1/512 22

fy ft/sec 42048 1/512 22

V ft/sec +2048 1/512 22

Cxx Sedcircle _1 1/1048576 22

CXY Smicircle +1 1/1048576 22

Time (TBD-i) (T30-1) (T0-1) (T7-1)

Magnetic Heading Degrees 0-360 360/4096 13

True Heeding Degrees 0-360 360/4096 13

True Airspeed ft/sec (T70-2) (73D-2) 12

Baro Altitude feet (TBD-2) (710-2) 12

Pitch Angle Degrees +90 360/2048 12

Roll Angle Degrees +180 360/2048 12

Control Data (TB-I) (T70-1) (T0D-1) (T30-1)

Display Data (TB-I) (30-1I) (710-1) (TB0-1)

Source: FZE-12-6073

~A~IC0-GPS-016-330-
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9. FUTURE MODIFICATIONS

Table 9-1 lists the avionics suite expected to be installed in each
of the F-lll-family aircraft by 1985. This chart is useful for comparing
the members of the F-111 family. Figures 9-1 and 9-2 show current and
planned equipment bay space allocations for the F-IllF. Planned system
additions for the F-111F include the ARC-164 UHF communications system,
the ALQ-137, and the ALR-62 CMRS. Also planned for inclusion are GPS,
PAVE TACK, Video Tape Recorder, PAL, and the KY-28 Secure Voice System.

The AN/ARC-164, scheduled to replace the ARC-109 in most aircraft by
1985, operates in the 225 MHz to 399.75 MHz military band. It provides a
7,000 channel tuneable UHF receiver, a 243 MHz (nominal) auxiliary guard
receiver, and a 7,000-channel, 10-watt carrier transmitter for voice com-
munications. The AN/ARC-164 Radio Set has two basic configurations -- the
console mount and the remote mount.

The function of the ALQ-137 is to detect hostile CW and pulsed signals
and automatically respond with programmed jamming against the following:

* Fire control radars of anti-aircraft artillery (AAA)
. Surface to air missiles (SAM)

. Airborne Interceptor's (AI)
• Command Guidance missiles

The AN/ALQ-137 provides deception response in the E through J bands
with four subsystems covering the low band, middle band, forward high band,
and aft high band. Each of the four subsystems consists of a receiver and
amplifier. Forward and aft antennas are used to provide proper protection.
Additional threat information is received from the ALR-62 Radar Warning
Receiver.

The ALR-62 is a countermeasures receiver set designed to intercept,
detect, and analyze RF threat signals. Threat signals displayed show type
of threat, direction, and lethality. The system uses a dual-channel
receiver, a multichannel receiver, a digital processor, a control indica-
tor unit, and an antenna switching unit.

The Global Positioning System will physically and functionally replace
the ARN-84(V) TACAN System, and the ARA-50 UHF ADF System. The GPS receiver
and mount will be installed in the forward equipment bay (RH), under door
1202, in the space presently occupied by the TACAN. The antenna will be
installed above the equipment bay (Figure 9-1).

9-1
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10. DATA SOURCES

The following sources of data were used in preparing this summary:

" Aircraft and avionics configuration data assembled by ARINC Research,
principally in the form of copies of applicable sections, tables,
and figures from the aircraft technical orders, as well as for equip-
ment technical orders listed at the end of this section.

"* Avionics Planning Baseline Document -- October 1978

"* GPS Phase II User Equipmebt Interface Requirements for the F-111F
Aircraft; 1 September 1977

LIST OF TECHNICAL ORDERS

T.O. Number Title Change Date

1F-1llF-0l List of Publications. 4/21/72
1F-111F-l-1 Flight Manual Basic 10/20/78
1F-111F-2-1 General Information 25 4/16/77
1F-IllF-2-5-1 Fire Power Control System Basic 5/27/77
IF-lIIF-2-6-1 Air Data Computer System 12 1/5/77
1F-111F-2-12-1 Instrument Systems 22 8/19/77
1F-lllF-2-15-1 Environmental Sciences 20 8/19/77
lF-1llF-2-17-1 Comm. and Instrument 12 8/19/77

Landing Systems
lF-1l1F-2-18-1 UHF/ADF, TACAN, IFF 14 8/19/77

Systems
1F-lIIF-2-22 Systems Integration 18 11/11/77
12P2-2APQ1l4-2 Attack Radar Set 10 1/28/77
12P2-2APQ128-2 Terrain Following Radar
12P3-2ALE28-2 Countermeasures Dispenser
12P4-2APX64-2 Radio Receiver-Transmitter 18 5/5/78

Transmitter
12P5-2APN167-12 Electronic Altimeter 12 5/3/78
12RI-2ARA50-2 Direction Finder Group 2 2/1/72
12E2-2AIC25-2 Intercom Set 10 12/1/76
12R2-2ARCl09-2 Radio Set 1 4/26/77
12R2-2ARCl09-4 IPB Radio Set 8/1/76
12R2-2ARCl09-42 Radio Receiver 2 6/1/77
12R2-2ARC123-2 Radio Set 4/7/77
12R2-2ARC164-2 Radio Srt 5/23/77
12R5-2ARN58-2 ILS 6 5/13/77
12R5-2ARN118-1 TACAN 10/15/76
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This document is one of a series of reports that describe Avionics
interfaces for various USAF aircraft. It was prepared for the Deputy for
Avionics Control, Aeronautical Systems Division (ASD/AX), Wright-Patterson
AFB, Ohio by ARINC Research Corporation, Annapolis, Maryland under Contract
F33657-79-C-0567.
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1. INTRODUCTION

This document contains configuration data relating to the integration
of additional avionics into the RF-4C aircraft.

This document will be revised periodically as additional modifications
are planned and incorporated into the aircraft. Queries regarding informa-
tion contained herein should be addressed to:

The Deputy for Avionics Control
Code: ASD/AXP
Wright-Patterson AFB, Ohio

This document was compiled from Air Force source materials by ARINC

Research Corporation under Contract F33657-79-C-0567.

The applicable Technical Orders are included in the references listed
in Section 10.
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2. COCKPIT SPACE

Figures 2-1 through 2-4 shows the front and rear cockpit panels and
consoles. There are several locations currently unoccupied. on the
forward cockpit left console (Figure 2-2) there are two blank panels. one
is 3.4" x 5.75" (item 10) the other is irregular in shape but larger than

a 5.75" x 5.75" panel (item 8). on the right console there are two more
blank panels. The blank panel farthest back is 5.4 x 5.75 (item 23). The

other blank panel is 2.6 x 5.75" (item 21).
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3. AVIONICS SPACE

Some of the alternatives for providing space in the RF-4C are compiled
in the Form, Fit, and Environmental (F 2 E) Summary Table 3-1. Figure 3-1
shows the approximate locations of these spaces and is keyed to the Table
3-1. The temperature-altitude-vibration environmental data relative to
the identified locations are presented in Table 3-2.

The following basic points should be made with respect to the data
contained in the tables:

A large space (A and B in Figure 3-1) with cooling and power will
become available in most QSR aircraft with the APQ-102 Side Looking
Radar (SLR) demod. However, TEREC and UPD-4 (APD-10) SLR equipped
aircraft use the space already and would continue to occupy that
space.

A large space (C) apparently is available in the tail, but the
severe temperature must be overcome and power must be provided.
The amount of power and cooling required for candidate avionics
be determined more precisely to determine the attractiveness of
this space.

* Some space could become available in AreaB through reduction in
equipment size.

• The temperature data represent uncontrolled environmental conditions.
Equipment installed in any area must be cooled to the extent neces-
sary to meet Class 2 requirements.

• All space locations shown, excluding the tail area, have forced airj

cooling available. The tail area is not cooled currently and has
a most severe temperature environment.

The vibration data represent compartment conditions existing for
any equipment mounted therein. The necessity for shock mounting
can be determined from these data. Of the applicable regions
examined, the lower forward fuselage has the most vibration in
the 10-15 Hz band while, of the three regions examined, the upper
avionics bay has the most severe vibration in the 2-23 Hz band.
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4. ELECIRICAL POWER

4.1 Main Power Supply System

The RF-4C is powered by a 60 kVA power supply system. This power is
generated by two 30 kVA generators in parallel. Each generator system
consists of a 30 kVA 200/115 volt, 3 phase, 400 Hz generator, a constant
speed drive, a generator control panel, and, on serial numbers 71-244 and
up, an underfrequency protector. An ac power control box and a frequency
and load control box are also utilized.

4.2 Power and Distribution System

The power conversion and distribution system is required to perform
three operations: converting 115 Vac to 28 Vac; converting 115 Vac, 3
phase to 28 Vdc; and distributing this power to the appropriate systems.
The power distribution system consists of the left, right, and an essential
115 Vac, 400 Hz, 3 phase bus system, and low voltage ac and dc bus systems.
Under normal use the left and right 3 phase 115 Vac systems are in
parallel. Two transformer/rectifier units supply 28 Vdc to the left, right,
and essential dc buses.

4.3 Emergency Power System

The emergency power system is available if the main power system
fails. Electrical power is developed by a 3kVA, 200/115 Vdc, 400 Hz, 3
phase generator. This generator is run by a ram air turbine. The
emergency ac generator powers only the essential loads.

4
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5. ENVIARNMETIAL CONTWOL SYSTEM

5.1 General

The aircraft air conditioning system is divided into two major systems,
one for the cabin areas and one for reconnaissance and electronic equipment
cooling. Both systems use high-temperature, high-pressure, seventeenth-
stage engine compressor bleed air from either or both engines.

5.2 Cabin Air Conditioning

The Cabin Air Conditioning System (CACS! on the right side of the fuse-
lage two air-to-air he&t exchangers and other associated equipment. The
CICS affords a selection of cabin conditioning temperatures, vent air
temperatures, defogging, rain removal, and ram air operations.

5.3 Equipment Air Conditioning

The equipment air conditioning zystem on the left side of the fuselage
suppliers cooling air to the reconnaissance and electronic equipment. The
equipment air conditioner uses a cooling turbine and a compressor mounted
on opposite ends of a common shaft and an air-to-air heat exchanger. Con-
trol of the system is entirely automatic; the temperature in the equipment
cooling air circuit ts controlled at approximately 841F from ,eal level to
25,000 feet and at 390F from 25,000 feet and up. The temperature in the
camera compart.ment cooling circuit is controlled to maintein a compartment
discharge temperature of 95SF. The compartment discharge temperature of
the infared reconnaissance sensor cooling circuit is maintained at 75*F.

5.4 Equipment Auxiliary Air System

The equipment air conditioning system also supplies partially cooled
air to the Equipment Auxiliary Air System fEAAS) . The EAAS distributes
partially cooled air from the air-to-air heat exchanger to the following
systems:

Anti-G system

Canopy seal system

Air data computer

* Radar transmitter

Radar wave guide

Radio receiver-transmitters

- SLR amplifier modulator

SLR wave guide

SLR wave guide antenna

Fuel System pressurization

* Pnelnsatic system air compressor

64S5-i



6. CURRENT AVIONICS

Tables 6-1 through 6-22 contains LRU data relating to the RF-4C avionics
systems that make up the current or near-term configuration. Where no
entries are shown, the data were not available for this report. Data per-
taining to future avionics modifications are presented in Section 9.
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7. ANTMOR LOCATIONS

Figure 7-1 shows the approximate locations of the antennas on the
RF-4C. Antenna ncmenclature from current technical orders is as follows:

Nomenclature or
Antenna Part Number

1. Forward Looking Radar AS-1451/APQ-99
2. UNF/ADF AS-909A/ARA-48 or

AS-1059/ASQ-19
3. TACAN/RHAW TBD
4. Lower UHF DN67-8
5. IFF 2285-1
6. Electronic Altimeter Receiver: AS-1522A/APN-159

Transmitter: AS-1521A/APN-159
7. TACAN [3NI-29
8. Upper UHF 6583-2
9. HF TBD

10. Radar Homing and Warning (2) TBD
11. Side Looking Radar (2) Right Side: AS-1587/APQ-102

Left Side: AS-1586/APQ-102
12. Radar Homing and Warning (2) TBD
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9. FUTURE 3ODIFICATIONS

Table 9-1 lists the known on-going or near-term 17-4C wmdifications.
Table 9-2 presents some of the planned or tentative Class V modifications.
The classified details of some modifications limit the content of this
section.

Tables 9-3 through 9-5 contain pertinent LRU data for the ARC-164,
AUI-11, and AM4-101 systems.
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Table 9-1. *-GOING AND NEAR-TM:• NODIFICATIONS

Terainology/Nomenclature Remarks

Medium Altitude Camera/ Provides capability to select remotely the
KA-91 scan angle of the KA-91 camera from the

rear cockpit.

SCM Chaff Capability Provides individual cartridge ejection
capability during normal operation of the
photoflash ejection system.

Rivet RAT II/ALR-46 Provides improved radar warning system
that alerts crew to radar/SAM tracking.

IR SysteW/AAD-5 ?rovides improved IR reconnaissance system
and replaces the AAS-18.

Laser Demod/AVD-2 Removes AVD-2 Laser Reconnaissance Set
installed by Mod 2122 and returns aircraft
to standard configuration (small number of
aircraft involved).

Digital Navigation System/ Provides an all-altitude bombing system, an
AMI-101 improved visual and blind weapon delivery,

and LORAN grid targeting capability.

PAVE TACX/AVQ-26 Provides ARN-101-equipped aircraft with the
capability to acquire targets and employ
terminally guided direct attack weapons.

UHF Radio/ARC-164 Replaces appropriate UHF portion of ASQ-88 ()

TACAN/ARN-1I8 Replaces appropriate TACAN portion of
ASQ-88 0.

VOR/ILS/AMR-127 Provides a VHF Omni Range Navigation System
and an Instrument Landing System.

ECM Jamming Pod/ALQ-ll Replacem.ent for ALQ-119 Pod Jammer. The
syntem will by modularized to provide mission-

tailored ECM jamming capability.

UHF Radio/ARC-164 Replaces appropriate UHF portion of ASQ-88
(Near completiot)

TACAN/ARN-1I8 Replaces appropriate TACAN portion of
ASQ-88 (). (Near completion)

9-2 A



Table 9-2. PWAED AND TUNTATIVE NOIOIFCKTIOIS

Terminoloqy/Nomenclature Remarks

Global Positioning System Space-based radio navigation system that
provides worldwide, continuous, precise,
three-dimensional location information.

TEREC/ALQ-125 Provides capability to detect, identify,

locate, and record informstion from ground-

based emitters.

Quick Strike Reconnaissance Advanced real-time reconnaissance system
(QSR) System integrating existing sensors and adding

many new equipments within the RF-4C. Among
some of the major additions are the ALQ-131

Microwave Data Link, the Digital Scan
Converter Group Display and a video tape
recorder and control *.ystem.

COPASS TIE (ALR-69) Planning funds only.
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10. DATA SOURCES

The following sources of data were used in preparing this sua zryj

* Information contained in the JTIDS Aircraft Configuration Data
Smmary- RF-4C. Published for ASD/XRE by ARINC Res3arch
Corporation, June 1978.

* Avionics Planning Baseline Document - October, 1978.

* McDonnell Report 8738. "Environmental Design Requirements and
Test Procedures, Aircraft Electronic Equipment" 5 April 1962,
Revised 15 July 1964.

Proceedings of the Society of Photo-Optical Instrumentation
Engineers (held 18-21 April), Volume 101, "Airborne Reconnaissance'.

ARINC Research Informal Report - Technical Report Preliminary
JTIDS Configuration Data Analyses, May 1978

Inventory of Technical Orders

Change
T. 0. Number Title Order Date

1F-4(R) C-1 Flight Manual 10 9/15/78

i1-4(R) C-2-1 General Information 15 4/15/79

lF-4(R) C-2-4 Flight Control Systems 20 12/15/77

iF-4(R) C-2-10 Fuel System 20 12/15/77

1F-4(R) C-2-11 Instrument Systems 20 12/15/77

1F-4(R) C-2-12 Air Data Set 18 12/15/77

1F-4(R) C-2-15 Navigation Systems 15 5/15/77

1F-4(R) C-2-16 Auto Flight Control 20 12/15/77

1F-4(R) C-2-18 Armament System 7 9/15/77

17-4(R) C-2-22 System Integration 13 12/1/77

17-4(R) C-2-25 Forward Looking Radar 14 9/15/77

1F-4(R) C-2-26 Radar Mapping 6 9/1/76

1'-4(R) C-2-29 I.R. and Laser Sets 12 3/15/76

IF-4(R) C-2-35 Radar Mapping 5 1/15/78

12RS-2ARN127-2 Radio Receiving Basic 1/15/77

12P3-2ALR46-42 Signal Processor 4 12/31/77

12P3-2AASl8-42 Infared Detecting Set 19 8/1/77

12P5-2APN159-2 Altimeter Set 10 7/1/77
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